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PREFACE TO THE AMERICAN EDITION. 



The present edition of Wohler's Hand-Book of 
Mineral Analysis is a translation of the last German 
with some changes and additions. 

A few of the methods here described might have 
been omitted, and newer, in some cases preferable ones, 
given instead, but it has been thought advisable to 
present the book in nearly the same form as the ori- 
ginal. 

Free use has been made of the excellent translation 
of the first edition by Dr. A. W. Hoffman, and frequent 
reference'had to the French edition by Messrs. Gran- 
deau and Troost, from which many of the illustrations 
of apparatus have been taken. 

The work is not intended to take the place of larger 
and more complete works on analysis, but it is believed 
that it will be found a convenient companion to these 
in the laboratory. 

H. B. N. 
Tbot, K. T.,Dm. 15,1870. 
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PREFACE. 



This collection of examples for illuatrating tlie most 
important processes for determining the cornposition 
of mineral substances, is designed chiefly for use in 
the laboratory. * 

It is drawn up under the impression that it is easier 
for most minds to obtain a clear insight into general 
relations and laws by the study of special cases, than, 
inversely, to acquire a knowledge of individual oases 
by first directing the attention to general rules. An 
endeavor has been made to arrange the book in such 
a manner as still to leave enough to demand the re- 
Section of the student and the explanations of the 
teacher ; the latter also must point out the authority for 
the individual methods here given, and also which he 
considers the best. 

FRIEDRICH WOHLER. 
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HANDBOOK 



MINERAL ANALYSIS. 



1. CHLOBIDB OP SODIUM. 

NaOl. 

Perfectly pure crystallized common salt is strongly 
heated, to expel adheriog moisture, weighed, diasolred 
in water, the solution slightly acidified with nitric acid, 
heated, and the chlorine precipitated hy nitrate of sil- 
ver, the liquid being at the same time violently agitated 
by stirring. When the chloride of silver has com- 
pletely separated, leaving tW liquid clear, it is filtered 
off and washed (with as little exposure to tight as pos- 
sible), first with hot water acidified with nitric acid, in 
order that it may not pass through the filter and sub- 
sequently with pure water. When the precipitate has 
been perfectly dried it is removed as completely as 
possible from the filter, and fused, in a weighed porce- 
lain crucible, over the gas-lamp. The filter is com- 
pletely incinerated by itself; the ashes are placed upon 
the cooled chloride of silver, and heated, first with a 
little nitric acid, in order to oxidize the reduced silver, 
2 
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14 CHLOBIDB OF SILVER. 

and afterwards with a few drops of hydrochloric acid; 
the excess of acid having been expelled, the chloride 
of silver is again heated to fusion, allowed to cool, and 
■weighed. 100 parts of AgCl contain 2i.7'6 chlorine 
(and 7o.2'f silver). 

The liquid in which the chloride of silver floats can 
also he decanted with care on a filter. The chloride 
can he collected in a weighed porcelain crucible, after 
washing, dried, gently calcined, and weighed. The 
chloride of silver being a little volatile, there is danger 
of loss if it is heated to fusion. The filter is burned by 
itself and the ashes weighed with the calcined chloride. 

For the determination of the sodium, another weighed 
portion of chloride of sodium is carefully moistened, 
in a weighed platinum crucible, with concentrated sul- 
phuric acid ; after some time, a gentle heat is applied 
until all the chlorine has been expelled in the form of 
hydrochloric acid, when the excess of sulphuric acid is 
carefully evaporated, and the residual sulphate of soda 
finally heated to redness, a fragment of carbonate of 
ammonia being placed in the crucible, to decompose 
anv acid salt From the weight of the sulphate of 
soda, that of the sodium is calculated. 



2. CHLORIDE OF SILTBR. 
AgCl, 
la order to determine the composition of chloride of 
silver, a weighed quantity of pure silver is dissolved 
in dilute nitric acid, the solution precipitated with 
dilute hydrochloric acid, and the precipitated chloride 
of silver treated as in No. 1. 

Or a weighed portion of fused chloride of silver mn y 
be heated with a low flame, in a bulb-tube, through 
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8ULPHATB or SODA. 
Fig. 1. 




whicb a stream of hydrogen is passed until it is com- 
pletely reduced to metallic silver, which is then weighed. 



3. SULPHATE OP SODA. 

NaO,SO,+ 10HO. 

^For the determination of the water, a weighed quan- 
tiuy of the salt is gradually and carefully heated in 
a platinum crucible, until the whole of the water is 
expelled, to insure which the heat ia finally raised to 
ignition. 

The sulphuric acid is determined by dissolving the 
salt in water and precipitating with chloride of barium. 
The liquid is then warmed, and must not be filtered 
until the sulphate of baryta has completely separated. 
The clear liquid is then poured upon the filter, -with out 
the precipitate, which is stirred up with hot water, 
again allowed to subside, the clear liquid being poured 
upon the filter, and the precipitate once more treated 
in the same way before it is thrown upon the filter, in - 
order that none may pass through the pores of the 
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16 SOCHELLB SALT. 

paper. Wben perfectly washed, it is dried, separated 
as much as possible from the filter, the latter being 
completely incinerated, and its ashes added to the pre- 
cipitate, whiuh is then ignited and weighed. 100 parts 
of sulphate of baryta contain 34.29 of sulphuric acid, 
or 13.71 of sulphur. The amount of soda is deter- 
miaed by dilference. 



4. TARTRATE OP POTASSA AND SODA." 
Seignette-salt ; Rochelle-salt, (KO, NaO, T + 8 HO). 

The estimatioa of the water requires the cautious 
application of heat for a long period. The salt Fuses 
even below 100°, and enters into ebullition at 120°, 
but does not lose the whole of its water till heated to 
215°. 

To determine the bases, the salt is ignited, the alka- 
lies dissolved out of the carbonaceous mass by dilute 
hydrochloric acid, and the filtered solution evaporated 
to dryness; the mixed chlorides are heated to dull 
redness in a covered platinum crucible and weigheS. 
They are then dissolved in a little water, and the solu- 
tion mixed with a moderately concentrated solution 
of biohloride of platinum. The solution, with the sus- 
pended precipitate, is evaporated to dryness on the 
water-bath, the dry mass digested for some time with 
alcohol, and the potassio-chloride of platinum col- 
lected upon a filter which has been dried at 100°, 
and weighed. The filtrate, which contains the sodio- 
chloride of platinum, must still have a distinct yellow 
color. The platinum-salt is washed with alcohol. 



dbvGoogIc 



BOCHELLE-SALT. 17 

dried at 100", and weighed. 100 parts correspond to 
16.03 of potassium, or 19.3S of potassa. 

The amoant of the chloride of sodium may be 
ascertained bj deducting the weight of the chloride of 
potassium from that of the mixed chlorides. It is 
safer, however, to eoDtrol this result by direct deter- 
mination, for which purpose the filtered liquid is care- 
fully evaporated to dryness, and the mass strongly 
ignited in a covered platinum crucible; in order to 
insure the complete decomposition of the chloride of 
platinum, the ignition should be repeated, with addi- 
tion of a few crystals of oxalic acid. From the cooled 
mass, the chloride of sodium is extracted with water. 

When, as is frequently the case, the two alkalies 
are present as sulphates, together with an excess of 
acid, the greater portion of the latter is expelled by 
careful evaporation, and the saline mass afterwards 
ignited in a covered platinum crucible, into which 
small fragments of carbonate of ammonia are from 
time to time introduced. The joint weight of the 
neutral salts thus obtained is then determined. 

In order to convert these sulphates into chloride^ 
the mass is moistened with water, mixed with pure 
chloride of ammonium, and heated in a covered cru- 
cible until the excess of the latter salt is expelled; 
this operation is repeated until the weight is constant, 
when the chlorides are separated by means of bichlo- 
ride of platinum. 

Or the solution of the sulphates may be precipitated 
by a solution of pure acetate of baryta, the precipitate 
filtered off, the filtrate evaporated to dryness, and the 
residue ignited. B'rom the carbonized mass, water 
dissolves the alkalies as carbonates, which are con- 
verted into chlorides by treatment with hydrochloric 
acid. 
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SULPHATE OF SOQA-AMHONIA. 



6. SULPHATE OF SODA AND AMMONIA* 
NaO, SO,; NH,0, S0,+4H0. 

To determine tbe amontit of soda, a weighed portion 
or the Bait dried at 60° ia gradually and carefully 
heated to redness in a platinum crucible, a fragment 
of carbonate of ammonia being held in the latter, at 
the end of the operation, to complete the removal of 
the excess of sulphuric acid. From the weight of sut- 
phate of soda obtained, that of the soda is calculated. 

The sulphuric acid is determined in another weighed 
portion of the salt, which is dissolved in warm water 
and precipitated by chloride of barium. From the 
weight of the sulphate of baryta, after Sltering, wash- 
ing and igniting, the amount of sulphuric acid is cal- 
culated. 

The quantity of the ammonia may be estimated ac- 
cording to two different methods. 

a. The weighed salt is dissolved in the smallest pos- 
sible quantity of water, and the soluion mixed with 
excess of an alcoholic solution of bichloride of platinum, 
which precipitates the ammonia in the form of ammo- 
nio-chloride of platinum. When the precipitate is 
completely separated, it is filtered off, washed with 
, alcohol, dried, and carefully ignited (see No. 1). From 
the weight of the residual platinum, that of the ammo- 
nia is calculated. 100 parts of platinum correspond 
to 26.37 of ammonia. In order to ascertain that the i 
platinum does not contain any sulphate of soda or 
chloride of sodium which may have been precipitated 
by the alcohol, it is washed with water and again 
weighed. 

* To prepare this lalt, tiro equal p»rttoDi of dilate snlphario 
acid ara taktin, the one neatralized with carbonatn of Boda, then 
mixed witli the other, ammonia added to Deatrftliiatloll, aud the 
■olntio^ evapoulad Xo the orTstallliing point. 
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SULPHATE OF P0TA3!iA. AND IIAQNESIA. 19 

h. By distilling the weighed salt with a moderately 
conceotrated solution of soda, the ammonia is evolved, 
and may be combined with hydrochloric acid. This 
is best effected in a small flask furnished with a fun- 
nel-tube by-wbich the solution of aoda is introduced, 
and a long condensing-tube, the end of which dips 
into moderately -strong hydrochloric acid. The liquid 
is retained in ebullition until one-batf has distilled 
over. The hydrochloric solution is carefully evapo- 
rated to dryness in a weighed dish, over a water-bath, 
and the residue of chloride of ammonium weighed ; or 
it may be converted into anfflionio-uhloride of plati- 
num, which is then treated as above. 

After determining the soda, the ammonia, and the 
sulphuric acid, the quantity of the water may be ascer- 
tained by difference. It may also be controlled by 
mixing a weighed portion of the powdered salt, in a 
platinum crucible, with an excess of freshly-burnt 
lime, free from water and carbonic acid ; the mixture 
is covered with a layer of lime, the whole weighed, 
and very strongly ignited over a gas burner. The 
loss of weight represents the joint amount of the am- 
monia and water. 



6. SULPHATE OF POTASSA AND MAGNESIA." 
KO, SO,; MgO, SO, + 6 HO. 

This salt loses all its water at 133", The sulphuric 
acid is determined by precipitation by chloride of 
barium (see No. S). 

For the estimation of the magnesia, another weighed 
quantity of the salt is dissolved in water, mixed with 

• Thla salt ie eaiiilr obtained in ctyatuls, by mising a boiling 
Uta»ti)d aolDtion of 1 partof aulphatsof potHsaa, with a sataratud 
BolBtiOD of 1 j part -ef snlphatti of magUMia, 
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20 SULPHATE OF POT-VaSA ASD BAGSESU. 

ctiloride of ammoniam, subsequently with ammonia, 
and the magnesia precipitated as phosphate of mag- 
nesia-ammonia by adding phosphate of soda. The 
precipitation is not complete till after the lapseof twelve 
hours, when the precipitate is collected on-a filter and 
washed with a mixture of 3 parts of water and 1 part 
of caustic ammonia, in which it is perfectly insoluble. 
After drying, it is ignited, being thus converted into 
2 MgO, PO, which contains 36,44 per cent, of mag- 
nesia. The potassa may be determined by dilFerenoe. 
If a direct estimation be required, as is frequently the 
case, especially in the analysis of minerals, the salt ia 
dissolved in water, and the sulphuric acid and mag- 
Desia precipitated by a hot saturated solution of hy- 
drate of baryta. The excess of baryta is removed 
from the filtered liquid by adding a mixtureof ammo- 
nia and carbonate of ammonia, the filtrate saturated 
with hydrochloric acid, evaporated, the chloride of 
potassium feebly ignited and weighed. 

If both potassa and soda be present, they are sepa- 
rated as in No. 4. 

From the mjxed precipitate of magnesia and sulphate 
of baryta, the former is dissolved by diluted sulphuric 
acid, and afterwards precipitated and determined as 
above. 

Another method consists in mixing the solution of 
the double sulphates of magnesia, and the alkalies with 
freshly precipitated carbonate of baryta, and passing 
washed carbonic acid through the mixture for a con- 
aiderable time. The sulphate of baryta which is then 
produced is filtered off, the solution evaporated to dry- 
ness, and the mass heated nearly to redness. A mix- 
ture of carbonate of baryta, magnesia, and alkaline 
carbonate is thus obtainecf, from which the latter may 
be extracted with water, converted into chloride, and 
weighed. 
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EPSOM-SALT AND QLADBKB's SALT. - 



7. CARBONATE OP P0TAS8A AND MAGNESIA." 
KO, CO,; 2(MgO, COJ + 9 HO. 

When ignited, this salt loses three-fourthe of its car* 
bonio acid, aod the whole of its water, leaving a mix- 
ture of carbonate of potassa and magnesia, which may 
be separated by water, and quantitatively determined, 
the potassa for this purpose being converted into chlo- 
ride of potassium. The magnesia should not be washed 
longer than is necessary, since it is not entirely insolu- 
ble in water. (Magnesia ia more solnble in hot water, 
and on this account cold is preferable.) 

The total quantity of carbonic acid contained in the 
salt is determined by expelling it in an apparatus 
arranged for the quantitative determination of carbonio 
acid. The amount of water may then be inferred by 
difference. 

The joint weight of the water and carbonic acid may 
be determined by fusing a quantity of vitriBed borax 
in a platinum crucible, weighing when cool, intro- 
ducing the salt, again weighing, and fusing over the 
gaa flame until all the carbonio acid ia evolved, and 
the fused borax becomes clear. The loss of weight 
expresses the joint amount of water and carbonic acid. 



8. EPSOM-SALT AND GLAUBER'S-SALT. 

MgO, SO, -1-7 HO and NaO, SO, -HO HO.' 

One hundred parts of pure sulphate of magnesia 

give, by the method described in No. 6, 45.12 parts of 

phosphate of magnesia. A specimen of Epsom-salt 
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22 PHOSPHATE OF SODA AN'D AJIMO^'IA. 

adulterated with Glauber's salt will give a proportion- 
ally smaller quantity of the phosphate. Since 45.12 
parts of 2 MgO, PO, correspond to 100 parts of crys- 
tallized sulphate of magnesia, a specimen of the latter 
which yields, for example, only 40 parts of 2 MgO, 
PO, would contain only 88.3 per cent, of true Epsom- 
salt, and 11,7 per cent, of Glauber'a-salt, 

In order to test Epsom-salt for Glauher'a-salt, the 
specimen is mixed with powdered charcoal, dried, and 
heated in a crucible to bright redness. If sulphate of 
soda be present, water will dissolve out of the cold 
mass sulphide of sodium, which, when treated with 
hydrochloric acid, is converted into chloride of sodium, 
with evolution of sulphuretted hydrogen. 

Or the solution of the salt to be tested may be pre- 
cipitated by hot saturated baryta-water, filtered, the 
excess of baryta precipitated from the solution by a 
mixture of ammonia and carbonate of ammonia, and 
the filtrate evaporated, when, if any Glauber's-salt have 
been present, carbonate of soda will be left. 



9. PHOSPHATE OF SODA AND AMMONIA." 

NaO, NH,0, HO, P0.-1-8 HO. 

A weighed quantity of the salt is gradually and 
cautiously heated in a platinum crucible, the heat being 
finally raised to ignition, and continued till the salt is 
in a state of tranquil fusion. The ammonia and water 
are thus expelled, their joint amount being indicated 
by the loss of weight. The fused residue is NaO, PO,. 

■ six parts of crTstsllizert plinaphsts of soda are itUBnlTsd, with 
the Aid of heat, io 2 parts of w&ter, and in tltis solntion 2 ^arts of 
ahlurida of amnionium are dissolved. Tlie Sitored liquid depoaita 
□rjstals of the neir salt whioh are parifiud bj soluliou in hut SDi- 
nioulaoal wator and rHorfBtAlUMlion. 
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PHOSPHATE OF MAGNESIA AHD AMMOHIA. 23 

The determination of tlie ammonia is effected aa in 
No. 5, with another portion of the salt. 

In order to determine the phosphoric acid, the salt 
is dissolved in water and mixed with chloride of am- 
monium, ammonia and sulphate of magnesia, the pre- 
cipitatate being treated as in No. 6. The ignited 
2Mf;0, PO.oonlains 6S.fi5 per cent, of phosphoric acid. 

For the direct determination of the soda, a weighed 
quantity of the salt is dissolved in water, and the phos- 
phoric acid precipitated by acetate of lead. From tho 
filtered liquid, the excess of oxide of lead is removed 
by a mixture of amDionia and carbonate of ammonia, 
the solution heated to ebullition, filtered, evaporated 
to dryness and the residual acetate ignited, with acoess 
of air, until the carbonate of soda is colorless. 

As a control for the determination of the phosphoric 
acid, the phosphate of lead may be decomposed by 
beating witb dilute sulphuric acid, and thephosphorio 
acid precipitated from the filtrate by sulphate of mag- 
nesia, as directed above. 



10. PHOSPHATE OF MAGNESIA AND AMMONIA.* 
2 MgO, NH.O, P0,+ 12 HO. 

By ignition the salt is converted into 2 MgO, PO,. 

The ammonia is determined by dissolving the salt 
. in the smallest possible quantity of hydrochloric acid, 
mixing the solution with bichloride of platinum and 
alcohol,and treating the ammonio-chloride of platinum, 
as in No. 5. 

In order to separate and determine the phosphoric 

• Prepared by prectpitating a solntlon of nnlphala of magnasta 
to which iDDoh chloride of smmoiifDni has been added, by plioa- 
phau of Boda, and wa»liing the preoipitate witb dilate ammouia. 
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24 FHOSFHATE OF HAONKHIA AND AMMONIA. 

acid and magnesia, tbe ignited salt is fused in a plati- 
num crucible, over a apirit-Iamp, with 4 parts of car- 
bonate of potaaea and aoda* The masa ia digested 
with water, the residual magnesia washed, ignited and 
weighed. 

The alkaline solution is neutralized with acetic acid, 
and the phosphoric acid precipitated b; acttate of lead. 
The precipitate is filtered off, washed, dried, detached 
as far as possible from the filter, which is incinerated 
in a porcelain crucible, in which the precipitate is 
then gently ignited and weighed. Since its composi- 
tion is variable, the qnantity of the phosphoric acid 
cannot be calculated from it. In order to determine 
this acid, the precipitate is dissolved in warm dilute 
nitric acid, and the oxide of lead separated by sulpburio 
acid, alcohol being afterwards added to complete the 
precipitation. 

The sulphate of lead is filtered off, washed, ignited 
and weighed. From the amount of this precipitate, 
that of the phosphoric acid may be calculated. 

The phosphate of magnesia and ammonia may also 
be dissolved in acetio acid, the phosphoric acid pre- 
cipitated by acetate of lead, the excess of oxide of lead 
removed from the filtrate by adding a mixture of 
ammonia and carbonate of ammonia, heating and filter- 
ing. The solution, which contains acetate of magnesia, 
is evaporated, and the residue ignited, until the mag- 
nesia IS perfectly white. 

Another method of separating phosphoric acid and , 
magnesia consists in dissolving the ignited salt in a 
little hydrochloric acid, boiling the solution for some 
time in order te convert the phosphoric acid into the 
tribasio form, and mixing it, first, with solution of 

* Constating of Fqaivaleat proportions of KO, CO, and IfsO, CO,, 
or 13 psrU of tbe former, aud 10 of the latt«r. AltoeMiljobteiiitid 
hj igniting Seignette-ealt free ttaat lime, diHolring, and evspo- 
latine to drynei*. 
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sesqnichloride of iron, and afterwards, with excess of 
acetate of ammonia ; if the BolutioD be now boiled for 
some time, all the phospnorio acid and iron are pre- 
cipifated, and the magnesia remains in solution. The 
filtered liquid is' evaporated to dryness, the residue 
heated till all ammoniacal salt is expelled and moistened ' 
with sulphuric acid to convert the magnesia into sul- 
phate. The excess of acid is expelled by heat, and the 
residual salt gently ignited ; from the weight of this 
residue that of the magnesia, and consquently of the 
phosphoric acid, is calculated. 



In the analysis of minerals which are decomposed by 
hydrochloric acid, there is frequently obtained, after 
the separation of the other constituents, a mixture of 
the above-mentioned chlorides. The solution, if con- 
taining, as is generally the case, ammoniacal salts, is 
evaporated to dryness, and the mass gently ignited in 
a platinum crucible until the latter are volatilized. The 
magnesia and alkalies are then separated according to 
one of the following methods : — 

I. The mass is moistened with a concentrated solu- 
tion of carbonate of ammonia, dried and ignited, during 
which operation, a fragment of carbonate of ammonia 
is held within the partially closed crucible. This pro- 
cess is repeated until a constant weight is obtained. 
A mixture of magnesia and alkaline chlorides is left, 
from which the latter may be extracted by water. This 
method is more difficult of execution in proportion as 
more alkaline chlorides are present. 

II. The residue containing the three chlorides is 
mixed in a platinum crucible, with some water and a 
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quantity of finely -powdered oxide of mercury; the 
mixture is digested for aoiitf time, dried, and ignited 
in a covered crucible, when all the chloride of magne- 
sium ia decomposed and converted into magnesia.' 

III. The chlorides are diasolved in' a little water, and 
the solution boiled for a long time with freshly preci- 
pitated carbonate of silver, when all the chloride of 
magnesium is decomposed. The precipitate is filtered 
of^ washed, and the precipitated carbonate of magnesia 
dissolved out with dilute hydrochloric acid. 

IV. The solution of the bases is mixed with some 
sal-ammoniac and ammonia in excess, and the mag- 
nesia precipitated by phosphate of ammonia {see No. 6). 
From the filtrate the ammonia is expelled by evapo- 
ration, and the excess of phosphoric acid precipitated 
by acetate of lead as a comp&und of phosphate and 
chloride of lead. The excess of oxide of lead is pre- 
cipitated by a mixture of ammonia and carbonate of 
ammonia; the liquid digested, and the precipitate 
filtered off. The alkalies are then obtained by evapo- 
ration. 

T. The chlorides are converted into nitrates by 
heating with about six times their weightof nitric acid. 
The solution is evaporated, the salts moistened several 
times, digested with crystals of oxalic acid whereby all 
the nitric acid is decomposed. 

From the residual mixture of magnesia and alkaline 
carbonates, the latter are extracted with water. 

VI. The magnesia may be precipitated by sesqui- 
carbonate of ammonia and ammonia, and washed with 
the same. If potash is present in this precipitate it 
may be dissolved out with water after ignition. 

VII. Should the three bases be in form of sulphates, 
the process indicated in No. 4 must be adopted, or they 
are weighed after ignition, dissolved in a little water, 
the solution weighed, about one half poured off, and 
the remainder weighed. From one portion the mag- 
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neaia is precipitated by ammonia and phosphate of 
floila, and from the other potassa by bichloride of pla- 
tinum. 



12. DOLOMITE AND BirTER-SPAR. 
CaO, CO,; MgO, CO^ 

The mineral dried at 100° is dissolved in dilute nitric 
acid, the solution afterwards heated, in order to oxidize 
any protoxide of iron, neutralized with ammonia, heated 
to ebullition till it no longer smells of ammonia, and 
rapidly filtered from any precipitate of sesquioxide of 
iron. The lime is then precipitated by oxalate of am- 
monia. When thfl precipitate has subsided, after being 
digested for some time, it is filtered oif, washed, dried 
and ignited ; it is then moistened with carbonate of 
ammonia, again dried, and gently heated. It ia weighed 
as carbonate of lime. Or it may be moistened with 
concentrated sulphuric acid, the excess of acid being 
expelled by evaporation and subsequent ignition, and 
weighed as sulphate of lime. 

After the filtered liquid has been mixed with excess 
of ammonia, the magnesia is precipitated by phosphate 
of soda, and the precipitate treated as in No. 6. 

The quantity of carbonic acid contained in the min- 
eral may be determined by loss. It may also be ascer- 
tained directly by means of the apparatus arranged for 
the quantitative determiDation of carbonic acid. 



13. BONB-ASH. 

3CaO,PO, with SMgOjPO, and CaO,CO,. 

A mass of white burnt bone ia dissolved in dilnte 

nitric acid, the solution digested for some time to expel 
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all the carbonic acid, and the phosphates of lime and 
magnesia precipitated by ammonia. When the pre- 
cipitate haa separated, the solution, which contains the 
lime previously id combination with carbonic acid, is 
rapidly filtered, and the precipitate thoroughly washed 
with.ammoniacal water. 

From the filtrate, the lime is precipitated by oxalate 
of ammonia, and the precipitate treated as in No. 12. 

The precipitate of phosphates of lime and magnesia 
is dissolved in the smallest possible quantity of faydro- 
chloric acid, and the lime precipitated by neutral oxa- 
late of potassa. The mixture is digested for some 
time at a gentle heat, to promote the separation of the 
precipitate, and the clear supernatant fluid is then cau- 
tiously neutralized with carbonate. of potassa, in order 
to precipitate the oxalate of lime dissolved by the 
liberated oxalic acid ; as soon as it has completely 
separated, the precipitate is filtered off'. From the fil- 
trate, which contains all the phosphoric acid and mng- 
neaia, the latter is precipitated by ammonia as phos- 
phate of magnesia-ammonia, which is treated as in 
No. 6. 

From the liquid filtered from this precipitate, which 
must contain free ammonia, the phosphoric acid is 
precipitated by sulphate of magnesia. 

The very small quantity of fluoride of calcium con- 
tained in bones can only be detected qualitatively ; 
in the precipitate obtained by saturating the solution of 
bone-ash in nitric acid with ammonia. 

Bone-ash may also be analyzed in the following 
manner : The finely-powdered substance is heated for 
a long time, nearly to boiling, with ah excess of dilute 
sulphuric acid, the greater part of the water is then 
evaporated, and the mass mixed with twice its volume 
of absolute alcohol, which dissolves the phosphoric 
acid. The mixture is filtered, and the sulphates washed 
with alcohol. From these the sulphate of magnesia 
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and a part of the sulphate of lime are extracted with 
water, and separated as in No. 12. The aulpbate of 
lime remaining undissolved is ignited and weighed. 
The phosphoric acid solution is mixed with water, the 
alcohol evaporated, and the phosphoric acid then pre- 
cipitated by sulphate of magnesia and ammonia as in 
No. 6. 

A third method, based upon the insolubility of 
phosphate of binoxide of tin in nitric acid, is as fol- 
lows: The weighed bone-ash is heated in a flask, with 
moderately strong nitric acid, and several times its 
weight of pure tin (tin-foil), the weight of which must 
be accurately known ; the contents of the flask are 
heated to ebullition, diluted with water, and the binox- 
ide of tin, which contains the whole of the phosphoric 
acid, is filtered off, washed, dried, ignited and weighed. 
The difference between the weight of this precipitate 
and that of the binoxide of tin which should be fur- 
nished by the amount of metal employed, is due t6 
phosphoric acid. The separation of the lime and mag- 
nesia contained in the solution is effected as in No. 12. 

A Jourth method, applicable in general for the 'sepa- 
ration of phosphoric acid from bases, consists in dis- 
solving the substance to be analyzed in a small quan- 
tity of nitric acid, adding nitrate of silver, some car- 
bonate of silver, and shaking the mixture. All the 
phosphoric acid combines with the oxide of silver and 
is precipitated, while the bases remain in solution and 
may be separated from the excess of silver by hydro- 
chloric acid. 



14. APATITE. 

8 (3 CaO, PO^-fCaCl (or-f CaF). 

For the determination of the chlorine, a weighed por- 
tion of the mineral (which need not be powdered) is 
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dissolved in dilate nitric acid,* and the chlorine pre- 
cipitated by nitrate of silver. 

In order to detect the small quantity of fluorine 
which 13 conuined in some apecimens of apatite, the 
finely powdered mineral is mixed, in a platinum cru- 
cible, with concentrated sulphuric acid, and the crucible 
covered with a glass plate coated with a thin film of 
wax, through which some characters have been written 
with a needle ; the crucible is then heated with a flame 
so small as not to melt the wax. If fluorine be pre- 
sent, the characters are found etched upon the glass 
after the removal of the wax. The quantity of the 
fluorine is inferred from the toss of weight in the whole 
analysis. 

The phosphoric acid and lime may be determined 
by the methods described in the analysis of bone-ash. 
The following process may also be employed. 

The mineral is dissolved in nitric acid, in a dish, and 
so much pure mercury added that, after saturating the 
acid, a portion still remains undissolved. The mixture 
is then evaporated to perfect dryness on the water-bath. 
Should it still emit an odor of nitric acid, this acid 
must be completely expelled by adding more water, 
and again evaporating to dryness. The mass is treated 
with water, filtered through the smallest possible filter, 
and the residue, which contains^ail the phosphoric 
acid, well washed. 

The solution contains, besides the excess of the mer- 
cury-salt, the whole of the lime. The suboxide of 
mercury is precipitated by hydrochloric acid. Any 
protoxide of mercury which may have been formed, is 
precipitated from the filtrate by ammonia. If the mine- 
ral contain iron, or other bases precipitable by ammo- 

* Itanx oompaot npatites, when tr«Rt«d with nftrio acfd le>T« 
« Rmall qoantlt; of cryBtalline powder, wLich ii or/ptolila (phoa- 
pbat« of protoxide of oeriam). 
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nia, these will remain behind on igniting tbia preci- 
pitate. From the aolatioii, which should be filtered 
rapidly, and with aa little exposure to air as possible, 
the lime is precipitated by oxalate of ammonia. 

The filter with the mercury- residue, which contains 
the phosphoric acid, is well dried, and the contents 
thrown into a platinum crucible in which thej are 
mixed with carbonate of potassa and soda ; the filter 
is rolled up and buried in a mixture. The crucible 
is now heated (but not to redness) under a chimney 
with a good draught, until the mercury is volatilized, 
after which the mass may be heated to redness and 
fused. It is then dissolved in water, an excess of bj- 
drochloric acid added, and the phosphoric acid precipi- 
tated by ammonia and sulphate of magnesia. 



15. BARITB, CELESTITB, AND GYPSUM, 
BaO, SO^— SrO, SO,.— CaO, SO, + 2 HO. 

The water in gypsum is determined by ignition. 
The Baits of strontia and lime are converted into car- 
bonates by action of a solution of carbonate of ammo- 
nia at ordinary temperature, while the sulphate of 
baryta remains unaltered. 

At a boiling heat or with carbonate of soda the 
decomposition is not so complete. 

The mixed salts must be finely powdered and well 
washed with cold water. Nitric acid dissolves the . 
strontia and the lime, but does not act upon thesulphate 
of baryta. 

The latter can be decomposed by fusing with four 
times its weight of carbonate of potassa and soda. 

The mass is then treated with boiling water, the 
carbonate of baryta filtered off while hot, and washed 
with boiling water. 
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Tbe filtered solution ia carefully neutralized with 
hydrocliloric acid, the sulphuric acid precipitated by 
chloride of barium, aud the precipitate treated as in 
No. S. 

The earthy carbonates are dissolved in dilute nitric 
acid, taking care to obtain a nearly neutral solution, 
which ifl then evaporated to perfect dryness in a flask 
capable of being closed. The saline mass is treated 
with about twice its volume of a mixture of equal 
volumes of ether and absolute alcohol, with which it 
is allowed to digest, in the closed flask, for a long time, 
being frequently shaken, but not heated. Tbe mix- 
ture dissolves the nitrate of lime only. The mixture 
is filtered, and the undissolved nitrate of strontia 
washed with absolute alcohol in a closely covered 
funnel. 

The alcoholic solution is difuted with water, tbe 
greater part of the alcohol evaporated, and the lime 
precipitated, as in Ko. 12, by oxalate of ammonia. 

The nitrate of strontia ts dried at 100° and weighed, 
or may be converted into a sulphate with sulphuric 
acid. 

To separate carbonates of baryta and strontia they 
are dissolved in nitric acid, the solution concentrated 
and tbe baryta precipitated by freshly -prepared hy- 
drofluo-silicic acid, previously mixed with an equal 
volume of alcohol. The silico-fluoride of barium is 
collected on a weighed filter, washed with weak spirit, 
and dried. 

The filtrate containing the strontia is mixed with 
sulphuric acid, evaporated to dryness, tbe sulphate of 
strontia ignited, and weighed. 

If baryta and lime only are to be separated, the 
solution IS largely diluted, the baryta precipitated by 
sulphuric acid, and the lime separated from the filtrate 
by oxalate of ammonia, after previously neutralizing 
with ammonia. 
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For the separation of baryta and strontia, neutral 
chromate of potaaaa may also be employed, which pre- 
cipitates all tnebarytaaschromate; the latter is washed, 
dried, ignited and weighed. It is necessary, however, 
that the solution should be perfectly neutralized and 
largely diluted. The strontia may afterwards be pre- 
cipitated by neutral carbonate of ammonia. 

The neutral salts of lime, mixed with a solution of 
arsenious acid, give with ammoni.i a precipitate of 
arsenite of lime. The salts of strontia and baryta 
treated in the same way do not form a precipitate. On 
the other hand, the presence of |(rontia in a salt of lime 
may be shown by a clear solution of sulphate of lime. 



16. ALUMINA-ALUST. 
KO, SO3; A1,0^ 3 SO, -(-24 HO. 

A weighed quantity of the pure salt is dissolved in 
water, and the sulphuric acid precipitated by chloride 
of barium {see No. 3). 

From the solution filtered from the sulphate of ba- 
ryta, the alumina is precipitated, together with the 
excess of baryta which has been added, by a mixture 
of carbonate of ammonia and free ammonia. After 
gently heating for some time, the precipitate is filtered 
off, the solution evaporated, and the saline mass heated 
till all the chloride of ammonium is volatilized. The 
gently-ignited residue is chloride of potassium.. 

The precipitate containing alumina and baryta is dis- 
solved in dilute hydrochloric acid, and the baryta pre- 
cipitated by sulphuric acid. 

From the solution filtered from the sulphate of 
baryta, the alumina is precipitated by carbonate of 
ammonia, or better, by sulphide of ammonium, either 
of which effects a more complete precipitation than 
caustic ammonia. 
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The precipitated liydrate of alumina is well washed, 
for which purpose hot water is to be preferred, and 
strongly ignited id order to expel the water. 

The water ooatained in the alum is determined hy 
loss. It may also be estimated directly by carefully 
exposing the salt for a very long time to a gradually 
increasing heat, which must finally be raised to dull 
redness. 



n. IRON-AMMONIA-ALUM.' 
NH,0, SO,; ■e.O,, 3 SO,+ 24 HO. 

At a strong red heat, this salt is entirely decom- 
posed, leaving pure sesquioxide of iron. 

The determination of ammonia is effected as in No. 
5 ; that of sulphuric acid according to No. 8. 

In order to control the determination of the sesqui- 
oxide of iron, another portion of the salt is dissolved 
in water, and the sesquioxide precipitated by ammonia. 
The precipitated hydrate is washed, dried, and ignited. 



18. ALUMINA-CHROME-ALUMt 
KO, SO,; S'o I' ^ SO,+24HO. 

The sulphuric acid is precipitated by chloride of 
barium as in No, 3, 

* Powdered red (it brown iron-Btone is digested with oonccn- 
trated sulphuric acid; the wlilte eolphate thug produottd ia dis- 
eolred in water, the solntion mixed with sulphate of ammonia, 
filtered and allowed to or^atallize. 

t Three parts of flo elf-powdered bichromate ofpotasBi are mixed 
irlth 15 parta of water, aud 1 part of conoeotrsted sulphurio acid 
is gradaall; &ddad, so that no evolutioQ of heat inaj eiiBuei Bul- 
phurouB acid gas is Iheii passed through tha BolutioD, which ia 
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The alumina, sesqiiioxide of cliromium, and excess of 
barj'la are precipitated from the filtrate by carbonate 
of ammonia mixed with caustic ammonia. After long 
standing, the precipitate is filtered oft' and thoroughly 
washed. 

The filtrate is evaporated, the residue heated to 
expel chloride of ammonium, and the residual chloride 
of potassium gently ignited in a covered crucible. 

The mixed precipitate is taken and washed off while 
wet from the filter, dissolved in dilute sulphuric acid, 
and the sulphate of baryta, filtered and washed. 

An excess of caustic potassa is added to the solution, 
which is then saturated with chlorine gas, and the 

ViK. 2. 



oxide of chromium forms a yellow solution of chro- 
mate of potassa. 

kept cool, BO that its tcmperatnre ma; not r1 

odor nf tlie gaa begins to be peroeptibia. A 

dra of pare ehromo-alum are formed, which way uu net umuv. 1110 

mother-liquor ia mixed with an equal tolume of » solution of oora- 

tnoQ alum, sntaraled at 4(P, vlieu the salt in qaeatiou separatui 

in yellowiBh octohsdra. 
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Only a small qnantity oF alumina is dissolved which 
may be precipitated by gentle digestion with carbonate 
of ammonia. 

The solution of alkaline chromate filtered from the 
alumina is carefully mixed with excess of hydrochloric 
acid and some alcohol, and heated until it has a -pure 
emerald-green color. The sesquioside of chromium 
is precipitated from the hot solution by caustic ammo- 
nia, washed, dried, ignited, and weighed. 



A1,O^FO,+12HO. 

I. The mineral, which is only slightly soluble in 
hydrochloric acid, is finely pulverized and fused with 
caustic potassa in a silver crucible, and then dissolved 
in hydrochloric acid, and tartaric acid added to the 
solution until it gives no precipitate with excess of 
ammonia. Chloride of ammonium and sulphate of 
magnesia are then added, and the solution well closed 
allowed to stand for 24 hours, and the precipitated 

fhosphate of magnesia-ammonia treated as in No. 6. 
t contains basic tartrate of magnesia, which atler igni- 
tion is re-dissolved in hydrochloric acid, heated for a 
long time,, and again precipitated by ammonia. 

II. The freshly -precipitated alumina is dissolved in 
the smallest possible quantity of caustic soda, the solu- 
tion diluted, heated to ebullition, and a solution of 
silicate of soda added as long as any preeipitate of 
silicate of alumina is produced. Lastly, iu order to 
precipitate the whole of the silicic acid, a concen- 
trated solution of sal ammoniac is added, the solution 
again boiled and filtered. From the filtrate, the phos- 
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phoric acid is precipitated by ammoDia and sulphate of 
magnesia. 

The BJlicate of alumina ifi decomposed by coocea- 
trated hydrochloric acid, the mass evaporated to dry- 
ness on the water-bath, the residue moistened with 
hydrochloric acid, the alumina-salt extracted with water, 
and the alumina precipitated by carbonate of annnoaia. 

III. The weighed alumina containing phosphorio 
acid is dissolved iu concentrated nitric acid, and the 
solution heated with about the same quantity (accu- 
rately weighed) of pure tin (tin-foil). The mixture is 
diluted with water, heated until boiling, and the bin- 
oxide of tin which has combined with the whole of the 
phosphoric acid is filtered oft', washed, and ignited. 
The diS'erence between the weight of this precipitate 
and that of the binoside of tin which should have been 
furnished by the metal employed represents the phos- 
phoric acid. The alumina is then precipitated from 
the solution by sulphide of ammonium. 

Or chloride of tin is added to the solution of phos- 
phate of alumina, heated to boiling, and the oxide of 
tin and all the phosphoric acid precipitated by sul- 
phate of soda. If sesquioxide of iron is present, a 
portion of it is thrown down. The accuracy of this 
method is not yet determined. 



20. SPINEL. (ALUMINA .AND MAGNESIA IN 
GENERAL.) 

MgO,Al,0^ 

The mineral is very finely pulverized in a steel 
mortar separated from the iroa with hydrochloric acid, 
and then fused with at least six times its weight of 
4 
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bisulphate of potassa* It should be kept in a state 
of fuaioD for a long time, without the disengagement 
of too much sulphuric acid. The mass is then dis- 
solved in water containing a little hydrochlorio acid, 
chloride of ammonium added, and the alumina pre- 
cipitated by ammonia. In order to free it from any 
magnesia, the fluid is heated to boiling until no more 
ammonia is given ofF.f The gelatinous alumina is fil- 
tered, and allowed to partially dry upon the funnel 
when it may be completely washed. It is ignited and 
weighed. The magnesia is precipitated by phosphate 
of soda and ammonia. Many specimens of spjnel con- 
tain a little protoxide of iron and silica. 

The red spinel contains sesquioxide of chromium, 
which may be separated from the alumina as in No. 18, 



21. ALUMINA AND SESQUIOXIDE OF IRON. 

The mixture of the two is dissolved in hydrochloric 
acid, the greater part of the excess of acid evaporated, 
the solution mixed with an excess of pure solution of 
potassa and heated nearly to the boiling point. The 
alumina is thus dissolved, the sesquioxide of iron being 
left behind of a dark brown color. The solution is 
filtered o^ acidulated with hydrochloric acid, and the 
alumina precipitated by sulphide of ammonium. 

The sesquioxide of iron, which contains some potassa, 
is dissolved in hydrochloric acid, re-precipitated by 
ammonia, and ignited. 

This method of separation is unsafe, and unless re- 
peated more than once, incomplete. It is better to heat 

* Prepared bj hnnting equal parla of nentral snlphate and con- 
oentraUd BuIpliuHo ooid to s dnll red heat aaltl the the miztare 
floiTS qaietlj. 

t The Bame process at in th« s»pu«tioD ot alnmina and lime. 
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the acid solution to ebullition, to add sulphite of soda, 
in order to reduce the sesquioxide of iron to the state 
of proto- sesquioxide, replace the solution over the 
lamp, boil for some time and then neutralize with car- 
bonate of Boda, and afterwards boil with excess of 
caustic soda until the precipitate is black and pul- 
verulent. 

The tendency to bumping preceding the actual ebul- 
lition of the fluid, may be guarded against by means 
of a spiral coil of platinum wire placed in the liquid, 
or by constant agitation of the latter ; when ebullition 
has once set in, there is no further need of these pre- 
cautions. Remove the liquid now from the gas, allow 
to deposit, pass the clear fluid through a Alter, which 
must not be over-porous, boil the precipitate again with 
a fresh quantity of solution of soda, then wash it by 
decantation and afterwards on the filter with hot water. 
Acidify the alkaline filtrate with hydrochloric acid, 
boil with some chlorate of potasaa {to destroy any traces 
of organic matter), concentrate by evaporation, and 
precipitate the alumina by sulphide of ammonium or 
ammonia. The boiling of the precipitated oxides with 
the solution of soda is best effected in a large silver 
or platinum dish. The soda must be free from alumina 
and silica. Or the very dilute solution of both bases 
may be neutralized with carbonate of soda, mixed 
with sulphite of soda and heated until no sulphurous 
acid is given off. All the alumina is precipitated, 
while the iron remains in solution. The precipitate is 
ignited. The solution of iron is concentrated, mixed 
with some chlorate of potassa and hydrochloric acid 
and heated. After the sulphur has been filtered off 
the iron is precipitated by ammonia. 

The separation may be obtained by placing the 
mixed precipitate, ignited in a porcelain boat, which is 
placed in a tube of the same material heated to red- 
ness, through which a current of dry hydrogen ia 
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passed, and which it is necessary to maintain until it 
is completely cool. Then there should be substituted 
in place of the current of hydrogen, a current of hy- 
drochloric acid gna, which transforms the iron into 
volatile chloride and leaves the alumina, which ia 
weighed. A complete description of this process of 
separation of iron and alumina may be found in the 
article on silicates. The apparatus is arranged as fol- 
lows: L is a gas furnace upon which is placed a salt 
bath I. In the bottle H there is placed some fresh 
chloride of sodium, on which is poured concentrated 
hydrochloric acid. 

Fig. 3. 



Then the bottle H is placed it cold water and sul- 
phuric acid gradually poured upon it, taking care that 
the mixture does not become heated, and stopping 
when vapors of hydrochloric acid begin to form. It 
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is sufficient to heat this mixture to 50° or 60° to evolve 
a steady current of hydrochloric acid gas. 

The amount of sesquioxide of iron may be inferred 
from the loss of weight, and the result controlled by 
collecting the chloride of iron which passes over and 
weighing it. 



22. PHOSPHORIC ACID AND SESQUIOXIDE OF lEON.* 

In order to separate phosphoric acid from sesqui- 
oxide of iron, the compound is ignited with at least an 
equal weight of carbonate of potassa and soda (So. 10), 
the resulting mass exhausted with water, the solution 
supersaturated with hydrochloric acid and then with 
ammonia, and the phosphoric acid precipitated bysul- 
phate of magnesia. 

The residual sesquioxide of iron retains some alkali. 

Or the sesquioxide of iron containing phosphoric 
acid is dissolved in hydrochloric acid, precipitated by 
ammonia, and digested with excess of sulphide of am- 
monium (without previous filtration), until all the 
sesquioxide is converted into sulphide of iron. When 
the liquid is no longer green, but of a pure yellow 
color, It is filtered off, and the phosphoric acid imme- 
diately precipitated by sulphate of magnesia. 

For the accurate quantitative separation of a small 
quantity of phosphoric acid from a large quantity of 
sesquioxide of iron, the latter is dissoived in hydro- 
chloric acid, and the solution heated to ebuliition with 
sulphite of soda till its color has changed to a bright 
green, when all the sesquidxide of iron is converted 

• For anal jfes for practice, tliB phoaphnte of eeBtintoilda of iron 
Ib prttpared by prpeipilaling sBSqaiohloridB of iron with plioBphate 
of Bods. Or a. miitam of phosphalea may bs prepured by preoipi- 
tatini; a aolation aontainlag BHsqaichloride nf iron, ohloriile of 
oalciam, vliloride of mogneaiam, and olilorlde of manganoBe. 
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into protoxide. The solution is boiled till it no longer 
smells of salptiurous acid, neutralized with carbonate 
of Boda, and, in order to produce a little seBquioxide 
of iron, mixed with a very little chlorine-water, the 
quantity of which must be regulated according to the 
amount of phosphoric acid which is present. The 
solution must now be mixed with an excess of acetate 
of soda, when phosphate of sesquioxide of iron sepa- 
rates as a white precipitate. Chlorine- water is then 
added, drop by drop, until the liquid has assumed a 
reddish color, when it is boiled, so that the precipitate 
may collect, and be filtered. From this precipitate 
the phosphoric acid is separated by sulphide of ammo- 
nium, as directed above. 

Or it may be dissolved in hydrochloric acid, boiled 
with sulphite of soda, and afterwards with excess of 
caustic soda, till the precipitate is converted into black 
proto-sesquioxide of iron, which is filtered ofF, The 
solution is acidified, and the phosphoric acid precipi- 
tated as above. 



23. HEMATITE, Fe,0,. AND LTMONITB, Fe,0„ 3 HO. 

For the determination of the water, weighed frag- 
ments of the ore are heated to redness, for a long time, 
in a platinum crucible. If the mineral decrepitates, 
it must first be finely powdered. 

In order to determine the oxygen, the fragments of 
ignited limonito or of hematite are heated to redness 
in a weighed bulb-tube-of very infusible glass (the 
bulb being as small as possible), through which a 
stream of dry hydrogen, free from arsenic, is transmit- 
ted as long as auy water is formed. 

In order to purify hydrogen it is passed through the 
U tubes containing pumice or fragments of porcelain 
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dipped in a solution of acetate of lead, sulphate of sil- 
ver, and caustic potassa; the first absorbs thesutphurio 



acid, the second absorbs the combinations of hydrogen 
with phosphorus and arsenic, and the last the oarburet- 
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ted hydrogen. The reduction must be effected at the 
highest temperature of the gas-lamp, for otherwise 
the reduced iron, even when cool, may reoxidize and 
Boroetimes inSame in the air. It is safer to reduce the 
oxide in a small porcelain boat, placed in a tube of 
porcelain, which is heated by a charcoal fire, or over 
the gas furnace. 

The reduced iron is heated in a stream of hydro- 
chloric acid gas. Silicic acid, which is often contained 
in limonite, is then lefl undissolved, and may be 
weighed. 



24. MAGNETITE.* 
FeO, Fe,0^ 

To determine the amount of oxygen which is com- 
bined with the iron, the proto-sesquioxide is reduced 
by hydrogen, as in No. 23. 

If the substance contain only proto-sesqnioxide of 
irop, the whole of the iron may be determined by dis- 
solving in hydrochloric acid, heating with some chlo- 
rate of potaasa, to convert all the protochloride into 
sesquichloride, and adding ammonia to precipitate the 
sesquioxide of iron, which ia washed, dried, ignited, 
and weighed. 

If other constituents be present, the total amount of 
iron may be determined as follows; The substance ia 
dissolved in an excess of hydrochloric acid, the proto- 
chloride converted into sesquichloride by addition of 
chlorate of potasaa, and al! free chlorine expelled by 
boiling. The solution is then diluted with water until 
the fiask is more than half-full; a weighed strip of 
bright sheet-copper is placed in the solution, the 6ask 
closed by a cork furnished with a narrow glass tube, 

* Foi^e-Bolei have iBimiUrcompoaitioQ. 
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and tbe liquid heated to ebullition. It is retained at 
this temperature until the dark-brown color originally 
observed has changed to a pale yellowish -green. The 
whole of the iron is now contained in the solution as 
protochloride, in consequence of the formation of aub- 
chloride of copper. The orifice of the little tube ia 
closed air-tight, and the solution allowed to cool some- 
what. The flask is then filled with hot water, the liquid 
poured off from the undissolved copper, which is to be 
washed, first with dilute hydrochloric acid, than re- 
peatedly with water, dried, and weighed. The atomic 
■weight of copper is to that of iron as the quantity of 
copper dissolved is to that of the iron sought. 

In order to determine directly the amount of pro- 
toxide and seaquioxide of iron present in a substance, 
it must be dissolved in hydrochloric acid. The follow- 
ing i% the method adopted: The compound is dissolved 
in an excess of concentrated hydrochloric acid, in a 
flask filled with carbonic acid, and aflerwards closed; 
the flask ia then nearly filled up with water, previously 
boiled, and a weighed strip of copper introauaed;.tbe 
closed fiask is placed in water, which must be gradually 
heated to boiling, the subsequent process being con- 
ducted and the result calculated as directed above. 

Or the weighed substance ia placed in a flask closed 
with a cork, and furnished with tubes for ingresa and 
egress, and with a funnel-tube passing to the bottom 
of the flask, which is to be filled with carbonic acid. 
Hydrochloric acid is then added through the funnel- 
tube, and the solution assisted by heat, whilst carbonic 
acid is allowed to stream through the apparatus. The 
solution is afterwards diluted, through the funnel-tube, 
with boiled water, and a milky mixture of carbonate 
of baryta with water gradually added; this precipitates 
the wbole of the seaquioxide of iron, while the protox- 
ide remains inaolution. When the supernatant liquid 
haa become clear, it is decanted through the egress- 
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tube, tbe precipitate again mixed with water, and after 
the clear liquid has been again decanted, quickly thrown 
«pon a filter, and rapidly washed, air being excluded, 
with water which haa been previously boiled and al- 
lowed to cool. 

The iron precipitate ia dissolved in dilute hydro- 
chloric acid, the baryta separated by sulphuric acid, 
and the sesquioxide of iron precipitated by ammonia. 

The solution, which contains the protoxide of irjin, 
is mixed with hydrochloric acid and chlorate of potas- 
sa, and concentrated by evaporation ; the baryta ia then 
precipitated by sulphuric acid, and afterwards the ses- 
quioxide of iron by ammonia. 



25. SIDEEITB. 

FeO, CO^ frequently containing MnO, C0„— CaO, CO^ 
and MgO, 00,. 

I. The best method of analysis, which is especially 
applicable where but little manganese is present, is the 
following: A weighed portion of the powdered ore, 
previously dried, is dissolved in hydrochloric acid, 
with the aid of heat^ nitrate or chlorate of potassa be- 
ing added from time to time, so that the whole of the 
protoxide of iron is sure to be converted into sesqui- 
chloride. The solution, which must still be acid, so 
that chloride of ammonium may be formed, is diluted, 
and gradually neutralized with dilute ammonia, until 
it has acquired a dark brown-red color, and a small 
quantity of hydrated sesquioxide of iron is precipi- 
tated. The whole of the sesquioxide of iron ia then 
separated by neutral succinate of ammonia, while prot- 
oxide of manganese, lime, and magnesia remain in 
solution. The precipitated succinate of sesquioxide of 
iron is rapidly filtered off, washed with cold water, 



:,q,t,=cdbvGoOglc 



SIDERITE. 47 

dried, and gradually heated to redness in a porcelain 
crucible, with free access of air, till it is converted into 
pure sesquioxide of iron. 

The filtrate is feebly acidulated with hydrochloric 
acid, evaporated to dryuess, and heated till all ammo- 
niacftl salts are expelled. 

The residue is then dissolved in a small quantity of 
water, with addition of hydrochloric acid, the solution 
sat^urated with chlorine, and the manganese precipitated 
as hydrated sesquioxide by addition of ammonia. The 
liquid is rapidly filtered off, so that no carbonate of 
lime may be precipitated, and the manganese-precipi- 
tate washed, dried, and ignited, when it is converted 
into brown proto- sesquioxide. 

The lime and magnesia in the filtrate are separated 
as in No. 12. 

Or the manganese may be precipitated by sulphide 
of ammonium, the sulphide of manganese rapidly fil- 
tered ofl^ and dissolved in hydrochloric acid. When' 
all the sulphuretted hydrogen has been expelled by 
evaporation, the solution is heated with carbonate of 
Boda, when the manganese is precipitated as carbonate, 
which, after ignition, leaves the brown proto-sesqui- 
oxide. 

From the solution filtered from the sulphide of man- 
ganese, the lime and magnesia are precipitated as in 
No. 12. 

II. The acid solution is largely diluted with water, 
and carbonate of soda gradually added (drop by drop, 
when the solution is neutral), with constant stirring, 
until all the sesquioxide of iron is precipitated. The 
other bases remain dissolved in the free carbonic acid. 
The manganese is then beat precipitated by hypochlo- 
rite of soda, in the cold. 

III. W hen a larger quantity of manganese is present, 
the solution, which must contain the iron entirely in 
the form of sesquichloride, and must not be too acid. 
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is gradually mixed witli carbonate of baryta, which 
precipitates the sesquioxide of iron only. When a 
slight excess of carbonate of baryta has been added, 

and the solution well stirred, it is filtered. The washed 

Erecipilate ia dissolved in dilute hydrochloric acid, the 
aryta precipitated bj sulphuric acid, and the sesqui- 
oxide of iron by ammonia. 

From the solution which contains the other three 
bases, the dissolved baryta is first precipitated by sul- 
phuric acid, and the solution treated as in No. 12. * 

IV. The diluted solution, obtained as in I, is neu- 
tralized with carbonate of soda till it has a dark brown- 
red color, mixed with a saturated solution of acetate of 
soda, and chlorine gas passed into it which precipitates 
the manganese, or it is heated to ebullition, when the 
whole of the sesquioxide of iron is precipitated. 

The filtrate is neutralized with carbonate of soda, 
mixed with hypochlorite of soda (containing bicarbo- 
nate of soda), and allowed to stand in a closed vessel 
for twenty-four hours, when the manganese is precipi- 
tated as hydrated sesquioxide, which is ignited and 
weighed as proto-sesquioxide. 

From the filtered hqaid the lime and magnesia are 
separated as above. 

V. The solution of oxide of iron is precipitated by 
ammonia, the liquid boiled as long as ammonia is given 
off, and the oxide of iron filtered off, which is now free 
from lime, magnesia, and manganese. It may be fil- 
tered vith free access of air, for the fiuid contains no 
free ammonia. The solution is conoentrated by evapo- 
ration and the three bases precipitated by an excess of 
carbonate of potassa, and boiled until ammonia ceases 
to be disengaged. 

It is then filtered, the precipitate dissolved in nitric 
acid, evaporated to dryness, and the saline mass care- 
fully raised to a dull red heat. The lime and mag- 
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nesia may be separated by very dilute nitric acid from 
the oxide of manganese, which is inaoluble in the acid. 



26. BOG IRON-ORE.' 

Fe^Oj, 3 HO, with MnO, Al^Oj, CaO, MgO, SiO„ PO, 
AsO, ^ 

If the amount of iron only is to be determined, the 
process with copper may be employed, as in the case 
of magnetic iron; or the ore may be subjected to the 
dry assay. The complete analysis is effected in the 
following maimer: — 

The mineral, dried at 100° is ignited, and the water 
determined. 

Another portion, which has not been ignited, is 
coarsely powdered, and dissolved in hydrochloric acid ; 
the solution ia evaporated to perfect dryness on the 
water-bath, theftnass dissolved in warm dilute hydro- 
chloric acid, and the sand and silicic acid removed by 
filtration. The latter may, after ignition and weigh- 
ing, be separated from the sand by boiling with carbo- 
nate of soda. 

The hydrochloric solution is boiled with an alkaline 
sulphite, until it no longer smells of sulphurous acid, to 
reduce the sesquichloride of iron to protochloride, and 
the arsenic acid to arsenious acid, which is then pre- 
cipitated by sulphuretted hydrogen, as teraulphide of 
arsenic; sometimes mixed with a little sulphide of 
copper. 

The solution is boiled till the sulphuretted hydrogen 
13 completely expelled, precipitated by carbonate of 
eoda, mixed witbiin excess of caustic soda, and boiled 
until the precipitate becomes pulverulent. 

The solution is filtered off. It contains all the alu- 
b 
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mina and part of the phosphoric acid, which are sepa- 
rated as in No, 19. 

The precipitate, consisting of proto-aesquioxide of 
iron, carbonate of protoxide of manganese, carbonate 
and phosphate of lime and magnesia, is dissolved in 
hot nitric acid ; the solution is neutralized, as far 
as possible, with carbonate of soda, mixed with acetate 
of soda, and boiled, when all the phosphoric acid and 
seaquioxide of iron are precipitated. In order to sepa- 
rate these, the precipitate is treated as in No. 22. 

The filtrate contains the protoxide of manganese, 
lime, and magnesia, which are separated as in No. 25, 



27. WET ASSAY OF IRON. 
(Volumetric Method.) 

The process for determining in the raoist way with 
great accuracy, and without a compjfce analysis, the 
amount of iron contained in an ore, consists in ascer- 
taining the number of measures of a solution of per- 
manganate of poiassa of known strength which may 
be decolorized by the solution of protoxide of iron 
obtained from a given quantity of the ore.* 

One eqiilv.^1'980 grms. of crystallized perman- 

' " To prepare thepertnangnriate or potssaa, 10 parts of Terjflnel/ 
powdereil pjroluaiU areniiXHi) irith 7 parts of olilarsto of potassa, 
the mi KturH saturated with a VHry concentrated solntion of 10 parts 
of hydrate of potasaa and the vet mass gradnallj heated in an 
earthen crucible to dull redness, so that it oindera tOHetber, bat 
does not fuse. When cool, it is powdered, treated, in a flask, with 
a considerable quantity of hot vster, and washed carbonic acid 
gas passed into it nntil the color of the enlutiou has changed to a 
pnrple-red, and the excess of potassa [i coWiTted into llie carbo- 
nate. It is then allowed to stand until the sulnlloii liecntnes clear, 
which is poured off from the precipitate and evaporated to the 
point of crystallization. The salt Is theii pnriSed by recryglalli- 
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fil 



ganate of potassa converta the protoxide of iron from 
10 equivs.=3-o00 grms. of pure iroo into sesquioxide. 

So that if 19-80 grms. of the salt be dissolved in I 
litre (=1000 grms, or 1000 cub. cent.) of water ; 100 
cub. cent, of this solution will correspond to 3-50 grma. 
of iron. It must be kept in a we I! -stoppered bottle. 

An equivalent quantitj (aay 3-o grms., or half that 
amount) of tbe ore to be tested is dissolved in concen- 
trated hydrochloric acid, in a capacious flask, by the 
aid of heat. If the insoluble residue of foreign mat- 
ters, such as clay, silica, &c., be not very considerable, 
it is unnecessary to filter the solution. The iron must 
now be«ntirely reduced to the state of protoxide, either 
by mixing the solution with several times its volume 
of a saturated solution of sulphurous acid, and boiling 
so long as any trace of that gas is perceptible ; or, bet- 
ter, by allowing a piece of zinc, free from iron, to 
remain in the liquid until its color is changed to a pale 
green. It is then decanted from the zinc, the latter 
thoroughly rinsefd, tbeaolution diluted with the washing- 



Fig. 10. 




water, and mixed with some more hydrochloric acid ; 
the solution of permanganate of potassa is then drop- 
ped in from a burette {see Alkalimetry), until the 
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yellow color which the solution then acquires is changed 
to a clear red by adding another drop of the perman- 
ganate. The number of cubic centimetres of the 
manganese -solution which have been employed, at once 
indicates the percentage of iron in the ore. 

Instead of the crystallized permanganate of potassa, 
the crude solution originally obtained in the prepa- ' 
ration of that salt may be employed, provided it be 
first graduated — that is, quantitatively tested as to its 
oxidizing power. For this purpose, 35 grms. (or half 
that quantity, 1'76 grma.) of pure iron-wire are dis- 
Botved in a capacious flask by concentrated hydro- 
chloric acid, with the aid of heat. The solirtion is 
diluted with several times its volume of cold water, 
and the solution of permanganate dropped into it, as 
directed above. When the quantity of solution em- 
ployed has been read ofi', the whole is diluted with so 
much water, that 100 cub, cents, may correspond to 3-5 
grms. of iron. It must be kept in a well-stoppered 
bottle. 



28. IRON ASSAY. 

The weighed iron-ore, in the state of fine powder, 
roasted or not, as the case may be, is mixed with dried 
borax, and the mixture exposed for an hour, in a cov- 
ered crucible lined with charcoal, to the most intense 
heat of a wind-furnace with a good draught; the quan- 
tity of borax varies according to the nature of the 
iron-ore. The greater the quantity of extraneous mat- 
ter which is present, the more borax it requires. For 
10 grms. of iron-ore, 3 grms. of borax may be taken 
as the minimum, 10 grms. as the maximum. In a well 
conducted assay, all the iron is found reduced to a sin- 
gle well-fused button. If the iron ore contained phos- 
phoric acid the crude iron will contain phosphorus. 
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29. SULPHATE OF COPPK)R. 

(Blue Vitriol.) 
CuO,SOi+5HO. 

For analysis, the salt is parified by recrystalliaation. 

To determine the water, a weighed quantity of the 
dry salt, in the state of fine powder, is heated to about 
200°, antil it has become perfectly white, and has 
ceased to lose weight. 

It is then dissolved in water, and the sulphuric acid 
precipitated by chloride of barium, as directed in No. 3. 

For the determination of copper, another weighed 
portion of the salt is dissolved in from 50 to 100 times 
its weight of water, in a dish or a wide-mouthed flask; 
the solution is heated until boiling, and the oxide of 
copper precipitated by caustic potassa, which should 
nut be addedjn too large excess. The brownish-black 
precipitate is filtered ottj washed with hot water, dried, 
and weighed. 

To determine the amount of oxygen in the oxide of 
copper, a freshly -ignited portion is introduced into a 
weighed bulb-tube, and its weight carefully ascertained ; 
a stream of dry hydrogen, free from arsenic, is then 
passed through the tube, the bulb of which is heated 
to redness with a large flame. When no more aqueous 
vapor is perceptible, and the oxide is completely re- 
duced to the metallic state, it is allowed to cool in the 
stream of gas, and weighed as soon as the hydrogen in 
the tube has been replaced by atmospheric air. 



30. CHALCOPTBITB. 

Cu,S, Fe^,. 

The powdered mineral is introduced into a flask, 

placed obliqaely, and gradually mixed with concen- 
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trated nitric acid in small portions at a time ; the con- 
tents of the 6ask are then heated until either the whole 
is dissolved, or the metala have passed into solution 
together with a .portion of the sulphur, and the uq- 
oxidized sulphur has separated in the form of a yellow 
powder, or in fused drops of a clear yellow color. 
The solution is diluted with water, and decanted from 
any undissolved sulphur, which is well washed, dried 
in a porcelain crucible, at a gentle heat, and weighed. 
It is then burnt in order to ascertain whether it contains 
any metals or quartz, &c. Should the sulphur bs 
separated in a pulverulent state, it must be collected 
on a weighed filter, washed, and dried at a very gentle 
heat. 

From the filtered solation, that portion of the sul- 
phur which has been converted into sulphuric acid is 
precipitated by chloride of barium, and the sulphate of 
baryta treated as in No. S. Protracted washing with 
hot water is necessary, since the precipitate has carried 
down some nitrate of baryta. 

In order to avoid this, the mineral may be dissolved 
in concentrated hydrochloric acid, with gradual addi- 
tion of nitric acid, or chlorate of potassa. ■ 

The excess of baryta having been removed from the 
liquid filtered from the sulphate of baryta by means 
of sulphuric acid, a slow stream of sulphuretted hydro- 
gen is passed through the filtrate, until the odor of the 
gas is distinctly perceptible. The precipitated sulphide 
of copper is thrown, as rapidly as possible, upon a 
dried and weighed filter, and well washed with water 
containing sulphuretted hydrogen. 

It is then dried in the funnel at 200°, weighed, a 
portion of it introduced into a weighed bulb-tube, 
which is afterwards again weighed, and heated in a 
stream of hydrogen until it no longer loses any sul- 
phur. It is thus converted into Cu^S, which contains 
the same amount of copper as the protoxide. The 
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weiglit obtained is ca^tulated upon tte whole quantity 
of sulphide of copper. 

Or the filler with its contents may be allowed to dry 
in the funnel, the precipitate detached, and thrown 
into a beaker ; the filter ia then completely incinerated, 
the ash added to the sulphide of copper, and the latter 
oxidized with agua-regia till the sulphur separates of 
a pure yellow color. From the filtered solution, the 
protoxide of copper, aa in Ho. 29, is precipitated at a 
boiling heat by caustic potassa, ignited and weighed. 

The solution filtered from the sulphide of copper, 
containing the iron in the form of protoxide, is heated 
nearly to boiling, in a flask, concentrated if necessary 
by evaporation, and treated at the same time with 
chlorate of potassa in small portions, until all the prot- 
oxide of iron ia converted into sexquioxide. which is 
then precipitated by ammonia, washed, dried, and' 
ignited. 

Notwithstanding the solubility of oxide of copper in 
caustic ammonia, this reagent will not effect its com- 

f'lete separation from sesquioxide of iron, «ince the 
alter carries down with it a considerable quantity of 
oxideof copper which cannot be extracted by a 



31. SPHALERITE, OR BLENDE. 
ZnS. 

The solution is effected just as in the case of chalco- 
pyrite. The mineral must be very finely powdered, 
and very concentrated acid must be employed. 

After the sulphuric acid which'is produced has been 
precipitated by chloride of barium, and the excess of 
baryta has been removed, the solution is saturated with 
sulphuretted hydrogen, in order to precipitate any cop- 
per and cadmium which oflen occur in simall quantities 
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in tliia mineral. The precipitat|te, nfter being filtered 
oft' and washed, is treated as in No. 36. 

The first filtrate, which contains the zinc and gene- 
rally a little iron, is heated to ebullition, and mixed, 
firat with some hypochlorite of eoda to peroxidize the 
iron, then with excess of ammonia, until all the oxide 
of zinc ia redissolved, and the sesquioxide of iron pre- 
cipitated ; the latter is then washed and ignited. It 
cannot be obtained by this method perfectly free from 
oxide of zinc. 

From the filtrate, the zinc is precipitated by sulphide 
of ammoniam. The precipitate should not be filtered 
off until it haa separated from the liquid ; it is washed 
with water containing a little sulphide of ammonium, 
and digested (together with the filter), while yet moist, 
with concentrated hydrochloric acid, the solution fil- 
* tered oftj and the oxide of zinc precipitated, at the 
boiling-point, by carbonate of soda. The precipitate ia 
waahed, dried, ignited, and weighed as pure oxide of 
zinc. 

Or it inay be dri^d aa aulphide of zinc, removed 
from the filter as much as possible, which is burned, 
and the ashes added to thesulphide, mixed with alittle 
sulphur, placed in a weighed bulb tube, and ignited in 
a current of hydrogen, alid then weighed as sulphide 
of zinc. 

Sesquioxide of iron may be more completely sepa- 
rated from oxide of zinc by means of succinate of am- 
monia, as described in No, 26, or by carbonate of 
baryta (No. 25, III.) 

If, as has been proposed, the solution were mixed 
with acetate of soda,, so as to convert the iron and zinc 
into acetates, and treated with sulphuretted hydrogen, 
not only zinc, but iron also would be precipitated. 
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32. SMITHSONITB. 
ZaO, CO,. 



Tliis mineral generally contains small quantilieH of 
protoxides of iron, manganese, lead, and cadmium, 
together with lime, magnesia, and silicic acid. 

It is dissolved in liydrochlorio acid, the solution 
evaporated to dryness, the mass digested with concen- 
trated hydrochloric acid, diluted, heated, and the silicic 
acid filtered off. 

The solution, which must he acid, is saturated with 
sulphuretted hydrogen, which precipitates the lead 
and cadmium. 

This precipitate is oxidized with concentrated nitric 
acid, a little sulphuric acid being also added, evapo- 
rated to dryness, and the sulphate of cadmium sepa- 
rated from the sulphate of lead by water.. {See Lead 
and Bismuth,^ 

The filtrate is boiled, to expel the sulphuretted hy- 
drogen, and treated with chlorate of potaasa to perox- 
idize the iron. From the solution, which must still 
contain free chlorine, the sesquioxides of iron and 
manganese are precipitated by excess of caustic am- 
monia, and separated as in No. 25. 

The zinc is precipitated from the filtered solution, 
as sulphide, by addition of sulphide of ammonium, and 
the precipitate treated as in No. 31. The solution is 
rapidly filtered oft) with as little exposure to air as 
possible, and the lime precipitated by oxalate of am- 
monia; the magnesia is afterwards separated by phos- 
phate of soda. 

If a specimen of this mineral consist of carbonate 
and silicate of zinc, their relative quantities may be. 
approximately determined by igniting the finely-pow- 
dered mineral, and digesting it with a mixtu« of car- 
bonate of ammonia and free ammonia, which dissolves 
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the oxide of zinc previously in combination witt car- 
bonic acid, leaving the silicate nntoucbed. 



The alloy ia dissolved in hydrochloric acid with 
gradual addition of nitric acid, the solution diluted, 
and the copper precipitated by sulphuretted hydrogen, 
(:5^ No. 80.) 

The excess of sulphuretted hydrogen is expelled 
from the filtrate by boiling, and the oxide of zinc pre- 
cipitated from the hot solution by carbonate of soda. 
(&eNo. 31.) 

Oxide of zinc cannot be entirely separated from 
oxide of copper by even a very large excess of caustic 



Too little zinc is usually obtained by the above pro- 
cess, because a portion is carried down'with the sul- 
phide of copper. The separation is more completely 
effected by neutralizing the diluted solution of the 
alloy with ammonia, and digesting with a slight excess 
of solid hydrate of potassa until it has lost its color 
and ammoniacal odor. The oxide of copper is then 
filtered off, and washed with hot water. From the 
alkaline solution, the zinc is precipitated by sulphide 
of ammonium, pr boiling with carbonate of soda. 

Another accurate method is the following: The so- 
lution of both metals is saturated with sulphurous acid 
and the copper precipitated as white subsuiphocyanide 
by suiphocyanide of potassium. After it has digested 
for some time, the subsuiphocyanide is filtered, a little 
sulphur added and ignited in hydrogen gas,* when it 
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is converted into Cu,S. The oxide of zinc is heated 
and precipitated with carbonate of soda. 

This method may be used also for the separation of 
iron and copper. 

The brass sometimes contains traces of tin. It is 
thea dissolved ia hot nitric acid, which leaves the bin- 
oxide of tin (containing a little copper) nntouuhed. 

In order to detect a small quantity of lead which 
frequently occurs in brass, the sulphide of copper pre- 
cipitated by sulphuretted hydrogen is oxidized with 
fuming nitric acid, the maft dried, and treated with 
water, which leaves the sulphate of lead undissolved. 
Should this contain sulphur, it must be burnt off. 

Or the brass may be dissolved in nitric acid, a little 
sulphuric acid added, the solution evaporatod to dry- 
ness, and the mass treated with water. 

If the brass be placed in a little porcelain boat, and 
heated to redness in a porcelain tube through which a 
rapid stream of hydrogen ia passed, all the zinc may 
be volatilized. 



34. OXIDES OF MANGANESE, IBON, AND ZINC. 

The solution, which must contain the iron in the 
form of sesquioxide, is mixed with carbonate of soda 
until a permanent precipitate begins to appear; it ia 
then boiled with acetate of soda, when all the sesqui- 
oxide of iron is precipitated. 

The filtrate is mixed with acetic acid, and the zinc 
precipitated by sulphuretted hydrogen. 

The manganese may be precipitated, after neutrali- 
^ zation, with an alkaline hypochlorite, or by boiling 
with an alkaline carbonate. 
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35. CADMIUM AND ZINC. 



■ The alloy of the two metak is dissolved in hydro- 
chloric acid, the Bolution, which must be decidedly 
acid, ia largely diluted, and saturated with a slow 
stream of sulphuretted hydrogen, Which precipitates 
all the cadmium in the form of a yellow sulphide. 
The latter is thrown upon a weighed filter, and dried 
at 100° till of constant weight. 

It ia more accurate to^issolve the sulphide of cad- 
mium in hydrochloric or nitric acid, and to precipitate 
the oxide of cadmium from the solution, aa white car- 
bonate, by means of carbonate of aoda. The precipi- 
tate ia washed, dried and ignited, when it ia converted 
into the brown oxide. Previously to the incineration 
of the filter, the precipitate should be detached, aa far 
aa possible. 

The filtrate is boiled to expel the sulphuretted hy- 
drogen, and the ainc precipitated from the hot liquid 
by carbonate of soda. 

Another method of separation consists in decom- 
posing the solution of the two metala by considerable 
tartaric acid, and then adding caustic soda to distinctly 
alkaline reaction, dilute with considerable water, and 
boil for some hours. The cadmium is alone precipi- 
tated. The zinc may be precipitated from the filtered 
Eolation by sulphide of ammonium. 



36. CADMIUM AND COPPER. 

Both metals may be precipitated from a weak acid 

solution by sulphuretted hydrogen, the washed pre-* 

cipitate washed off from the filter, boiled with dilute 

sulphuric acid, when all the cadmium will be dissolved. 

Or the washed precipitate of both metals, with the 
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filter, is disaolved in hydrochloric acid with a little 
chlorate of [Kitash, the solution saturated with potassa, 
and then hydrocyanic acid added until the precipitate 
is again dissolved. From this solution of the double 
cyanides the cadmium may be precipitated by sulphu- 
retted hydrogen, and the copper will remain. The sul- 
phide of cadmium is treated as in No. 35. The solu- 
tion of copper is boiled with aqua regia, and while hot 
the copper precipitated by caustic potassa. 

The copper maybe separated from cadmium as from 
zinc, by sulphocyanide of potassium, as in No. 33. 



37. GALENITE. 



The finely- powdered mineral, placed in a capacious 
dish, is gradually moistened witn fuming nitric acid 
until it is entirely converted into White sulphate of 
lead; a few drops of sulphuric acid are added, to 
insure complete conversion, the mass ignited and 
weighed. 

If the residue, previously to ignition, be treated 
with water, and filtered, only traces of lead are found 
in the solution. IF the galena contain copper, iron, of 
silver, they will be detected in the solution, the first 
two by ammonia, and the silver by hydrochloric acid. 

If the galena be oxidi^d with more diluted nitric 
acid, the residue conslsbi of a rfiixture of sulphate of 
lead and sulphur, while the solution contains nitrate 
-of lead, from which the lead may be precipitated by 
sulphuric acid, or, mora completely, by oxalate of am- 
monia, after neutralization. By igniting the dried 
residue, the sulphur is volatilized, and sulphate of lead 



When boiled with a solution of carbonate of soda, 
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the sulphate of lead is converted into carbonate, which, 
after washing, is completely dissolved by nitric aoid. 

Sulphate of lead is dissolved to a great extent by a 
mixture of tartrate of am^ionia and free ammonia. 
From this solution it tnay be completely precipitated 
by sulphide of ammonium as blac^ sulphide of lead, 
or by ehromate of potassa, ip the form of yellow chro- 
mate of lead. 

The sulphate of le^d may be reduced to the metallic 
Btate by fusion with four times its weight of cyanide 
of potassium. 



36. WHITE LEAD. 

3(PbO,CO,) + PbO,HO 

frequently mixed with BaO, ^O,— CaO, S0„— CaO, 

CO,, or PbO, S0„ 

Pure white lead ia perfectly solable in dilate nitria 
acid. The oxide of lead may be detenoiued by igni- 
tion, after drying at 100°. In order to estimate the 
water, a specimen, which has been dried at 100°, is 
ignited in a tube to which a weighed chloride-of-calcium 
tube is attached. The carbonic acid, which is expelled 
at the same time, is determined by loss. White lead 
sometimes contains a small quantity of basic acetate of 
lead, indicated by the odor of acetone which is per- 
ceived when the specimen ia ignited. 

White lead adulterated with chalk is likewise dis- 
solved, with exception of traces of impurities, by nitric 
acid. From the diluted solution, the lead is precipi- 
tated by sulphuretted hydrogen, the sulphide of lead 
collected upon a weighed filter, washed, dried at 100°, 
and weighed. From the solution, after neutralizing 
with ammonia, the lime is precipitated by oxalate of 
ammonia. 

If barite be present in the specimen, it is left be- 



:,q,t,=cdbvGoOglc 



PYROMOKPHITB. 63 

hiod on treatment with nitric acid. After waahing 
and igniting, it is weighed and analyzed as in No. 16. 

Gypsum would also be in great measure lefl behind 
on dissolving in nitric acid. It may, however, be en- 
tirely dissolved and separated from any barite pre- 
sent at the same time, by boiling with a large quan- 
tity of dilute nitric acid. The amount of gypsum 
present may be inferred from that of the sulphate of 
baryta obtained by precipitating the solution with 
chloride of barium. 

Sulphate of lead would also be left undissolved by 
dilute nitric acid. After washing, it becomes black 
when treated with sulphide of ammonium ; it is soluble 
in tartrate of ammonia mixed with free ammonia. In 
a mixture of sulphate of lead and sulphate of baryta, 
the former may be converted, by digestion with sul- 
phide of ammonium, into sulphide of lead, which can 
be transformed into chloride by treatment with con- 
centrated hydrochloric acid, and may then be dissolved 
oat by water. 



39. PYROMOEPHlTE. 
8C8PbO,PO^+Pba« 

In many varieties, the chloride of lead is replaced 
by chloride of calcium, in others, a part of the phos- 
phoric acid is replaced by arsenic acid. The green 
varieties contain traces of sesquioxide of iron and ses- 
quioxide of chromium or chromic acid. 

Those specimens which are free from lime are finely 

• May be srtittolsUy obtiined in ory«tals, by fnBing in a porcB- 
Itln oraoible an Ictimata mixture of 1 part of fused phosphate of 
soda, and 7 parts of ohlorlde of lead ; tlie maas is very gradually 
bested to about tbe fueing-polDtof tbe latter ; it is then allowed to 
too), and tbe liquid portion duuanted from the uryalals. 
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powdered, and dissolved in caustic potassa. The lead 
is precipitated from the solution by sulphide of ammo- 
nium, filtered, dried, and as much removed from the 
niter as possible. The filter is then burned and the 
ashes added to the precipitate, which is then mixed 
with a little sulphur, strongly heated in dry hydrogen 
gas, and then weighed as sulphide of lead. 

The filtered solution is acidified with hydrochloric 
acid, which precipitates any sulphide of arsenic, to be 
treated as directed in the article upon copper-nickel. 
(No. 65.) 

The liquid filtered from the sulphide of arsenic is 
concentrated by evaporation, supersaturated with am- 
monia, and the phosphoric acid precipitated by sulphate 
of magnesia. {See No. 9.) 

The chlorine is determined in another portion, by 
dissolving in nitric acid, and precipitating by nitrate 
of silver. 

For the determination of lime, the mineral is dis- 
solved in nitric acid, and the lead precipitated from 
the diluted solution by sulphuretted hydrogen. The 
solution filtered from the sulphide of lead is neutralized 
with ammonia, and the lime precipitated b; oxalate of 
ammonia. The filtrate is concentrated by evaporation, 
mixed with ammonia, and the phosphoric acid preci- 
pitated by sulphate of magnesia. 

Those specimens which are free from lime, but which 
coutain arsenic acid, may be analyzed in the following 
manner. The mineral, in a state of very fine powder, 
is digested with moderately dilute sulphuric acid, tho 
greater part of the water evaporated, the mass mixed 
witli alcohol, and the sulphate of lead thrown upon a 
filter and washed with spirit of wine. The filtrate is 
evaporated to expel the alcohol, and a stream of suU 
phuretted hydrogen passed through it, while it is 
heated to about 50°. It is afterwards allowed to cool 
while the gas is still passing, and, when saturated with 



:,q,t,=cdbvCoOgle 



SILVBR AITD LEAD. 66 

sulphuretted hydrogen, set aside in a oloaed vessel for 
tweuty-four hours, after which the precipitated peata- 
sulphide of arsenic ia filtered off. 

The filtered- solution is treated with ammonia which 
precipitates the iron as sulphide, OGc&aionally mixed 
with a small qaantitv of sesquioxide of chromium. 

The phosphoric acid is precipitated from the filtrate, 
after concentration, by sulphate of magaesia . and 
ammonia. 

Id order to separate the sesquioxide of chromium, 
the mineral is digested with a mixture of concentrated 
hydrochlorio acid and alcohol, the solution filtered, 
evaporated to expel the alcohol, and the sesquioxide of 
ohrominni precipitated from the hot solution by am- 
monia. It still contains a little phosphoric acid. 



40. SILVBtt AND LEAD. 

I. By cupellation. 

II. The solution of the two iRetala in nitric acid is 
diluted with mncb water, heated nearly to the boiling- 
point, and the Bilrer precipitated as chloride of silver 
by hydrochloric acid. {See No. 1.) 

The filtered solution is allowed to cool, the greater 
part of the acid neutraliaed With ammonia, and the lead 
precipitated by sulphuretted hydrogen. {See No. 39.) 

III. The diluted nitric solution of the two metals ia 
mixed with dilute hydrocyanic acid, which precipitates 
the silver as cyanide. When this has accumulated, 
leaving the solution clear, it is collecied upon a filter 
which has been dried at 120°, washed, dried at that 
temperature, and weighed. 

From the filtrate, after neutralizing the larger excess 
of acid, the lead may be precipitated by sulphuretted 
«* 
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hydrogen, or if the solution be concentrated by evapo- 
ration, by sulphuric acid in the presence of alcohol. 

IV. Another method consists in precipitating the 
solution of the two metals by a slight excess of car- 
bonate .of soda, and digesting the precipitate with 
cyanide of potassium, which dissolves the silver in the 
form of a double cyanide, leaving the carbonate of 
lead untouched. Since, however, it contains some alkali, 
it must be dissolved in nitric acid, and precipitated by 
sulphuretted hydrogen or sulphuric acid. From the 
solution containing the silver, the latter may be preci- 
pitated as cyanide by nitric acid. 

V. The solution of the lead and silver in nitric acid 
is neutralized with an akali, mixed with an akaline 
formate, and heated to boiling, wfien all the silver is 
precipitated in the metallic state. 



41. SILVER AND COPPER. 
(Silver-coin.) 

The alloy is dissolved in moderately strong nitric 
acid, the silver precipitated from the hot solution by 
dilute hydrochloric acid with violent agitation, and the 
chloride of silver treated as in No. 1. 

The oxide of copper is precipitated from the filtrate 
by caustic potassa at a boiling heat, washed, dried, 
ignited and weighed, the filter being completely incin- 
erated apart from the precipitate. 

If the alloy contain gold also, it is left behind by the 
nitric acid as a brown powder. If it be present in 
very small quantities — as, for example, in all old silver 
coins — the small insoluble residue is 61tered off, thor- 
oughly washed, the filter incinerated, and the ash fused 
before the blowpipe with carbonate of soda, when the 
gold appears in small globules. 
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"When frequent quantitative determinations of silver 
are made, as in mints, the teat ia made either by cupel- 
lation, which consists in fusing the weighed alloy with 
several timea its weight of pure lead in a small bone 
earth cupel in a current of air, when the lead and cop- 
per are oxidized and absorbed by the cupel; while the 
pure silver remains as a fused button. Or, more ae- 
curalelv, by volumetric analysis. 

Id order to prepare pure silver, it is precipitated 
from the solution by hydrochloric acid or chloride of 
sodium, in the form of chloride which is well washed 
and fused in a porcelain capsule. A fragment of zinc 
is placed upon the fused mass, and some dilute hydro- 
chloric acid poured over it. After twenty-four hours, 
the chloride of silver is completely reduced; the 
spongy masses of silver are rinsed out, rubbed to a 
fine powder under water, and digested with dilute 
hydrochloric acid, to remoVe any zinc. It ia thea 
thoroughly washed and fused with borax to a reguline 

Or the dry chloride of silver may be mixed with an 
equal quantity .of anhydrous carbonate of soda, and 
the mixture introduced into a crucible, the bottom and 
sides of which are coated with as thick a layer as 
possible of carbonate of soda. The crucible is then 
heated for a length of time to low redness, and after- 
wards to the fusing-point of silver. 



43. SILTEE ASSAT. 

From argentiferous galenite tetrahedrite, chalcopy- 
rite, &C., even when intimately mixed with gangue, 
the whole of the silver, concentrated in a email quan- 
tity of lead, may be extracted in the following manner : 
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One busdred grms. of galenite, finelj powdered, are 
fused with SO grms. of nitre and 100 grma. of litharge. 

Or 1 part of the ore is fused together with 80 to 50 
parts of litharge. 

Or 1 part of ore maybe fused with 8 parts of anhy- 
drous acetiite of lead and 2 parts of potashes, under a 
layer of common salt 

In the button of lead obtained, the silver is deter- 
mined by cupellatlon, or in the rooist way. 



43. GOLD ANDCOPPEB. 
(Coins.) 

I. The alloy is dissolved in a mixture of hydrochlo- 
ric and nitric acids, care being taken that none of the 
latter shall remain undeoomposed afler the solution is 
effected ; the liquid is heated with oxalic acid, which 
precipitates all the gold in the metallic state. For the 
complete precipitation of the gold, the solution must 
be dilute, and not contain a large excess of hydrochlo- 
ric acid, or alkaline chlorides. It is washed, dried, 
transferred to a porcelain crucible, the filter completely 
incinerated, and the gold, together with the ashes, ig- 
nited and weighed. From the filtrate the copper may 
be precipitated by sulphuretted hydrogen, or by potassa 
at a boiling heat. 

II. The gold is first precipitated by a solution of 
pure protosulphate of iron, and the. copper ia after- 
wards separated from the solution, either by sulphu- 
retted hydrogen, or by a piece of bright iron placed in 
the liquid, which must not be too acid, and should be 
heated nearly to boiling. The precipitated copper is 
washed, dried, and ignited in air, when it b converted 
into oxide. 



I 
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44. GOLD AND SILVER. 



I. From an alloy contaiaing less than about 16 per 
cent, of silver, aqua regia dissolves all the gold, while 
the whole of the silver ia left as chloride ; for this pur- 
pose, however, the metal must be employed in a very 
thinly laminated state. The solution is evaporated, to 
expel as much of the nitric acid as possible; and di- 
luted with water, to eGfect the complete separation of 
the chloride of silver. From the solution the gold is 
precipitated by oxalic acid, or by protosulphate of 
iron. 

II. If the alloy contain more than 60 per cent, of 
silver, pure nitric aciddiaaolvea the whole of the silver, 
and leaves the gold. Here also the alloy must be thinly 
laminated. The silver is precipitated by hydrochloric 
acid. The gold ia well washed, and dissolved in a^wi- 
regia, to ascertain if any trace of silver be left in it. 

III. When thequantity of silver preseotin thealloy 
is between 15 and 80 per cent., it cannot be entirely 
extracted by nitric acid, neither can alt the gold be 
dissolved out by aqua regia, since the metal becomes 
covered with a thick layer of chloride of silver. Such 
an alloy should be fused in a porcelain crucible with 
3 times its weight of pure lead. From this alloy, nitrio 
acid then dissolves all the lead and silver, leaving pure 
gold. 

From the solution filtered from the gold, the silver 
is precipitated by hydrocyanic acid ; or, after diluting 
largely, and heating nearly to boiling, by hydrochloric 
acid. 

IV. Silver and gold in alloys of these metals may 
also be separated by concentrated sulphuric acid, 
whatever may be the relative proportion of the two 
metals. The thinly laminated alloy is heated with the 

. acid in a capacious dish, until all evolution of gas 
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ceases, and the acid begins to evaporate. The sulphate 
of silver which ia produced is then dissolved in the 
requisite quantity of hot water, and the solutioD de- - 
canted from the gold, which, for greater certaintj, is 
once more heated with a small quantitj of sulphuric 
acid; afterwards thoroughly washed, ignited, and 
weighed. 

V, All such alloys may be also conveniently ana- 
lyzed by fusion with hisulphate of potassa. 



45. AUALOAMS. 

The following amalgams may be analyzed by heating 
very gradually in a porcelain crucible, finally raising 
the heat to redness, till the mercury is entirely vola- 
tiliaed, and the tin or copper oxidized. To insure 
complete oxidation, the mass is ultimately moistened 
with concentrated nitric acid, and again ignited. The 
amalgam of silver leaves the latter in the inetallio state. 
In order to estimate the mercury also directly, the fol- 
lowing method is adopted : — 

I. Ahalqah op Copper.*— The amalgam ia dis- 
solved in aqua regia, the solution neutralized, though 
not completely, with potassa, mixed with formate or 
sulphite of potassa or soda, and allowed to stand for 
some time at a temperature between 50° and 60°. All 
the mercury is thus precipitated as aubchloride. 
Above 60°, metallic mercury would also be separated. 
The subchloride of mercury is collected upon a filter, 

* Tliia kmAlgsm, which Is sami-flald at 100°, bat solid sad a rys- 
tslllDe St the ordiiiaiy temperataro, is obtained wboD copper, 
nfa<ch hOiB been precipitated \>j liiio, la moistened irith nitrate of 
aaboxfde of meroary, and triinrated lu a waroi mortar vith iner- 
ootiy, addud bf dugraoa, niitil the amalgam lta« the ooiisielenua of 
butler. 
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which haa been dried at 100" and weighed, and ita 
weight determined after drying at 100". 

From the filtered solution the oxide of copper is pre- 
cipitated, at a boilini; heat, by caustic potaasa. 

II. Amalgam OP Tin (amalgam for mirrors). — This 
ia diasolved in aqua regia, the solutioa mixed with am- 
monia in slight excess, afterwards with an exoess of 
sulphide of anamonium, and digested for a long time 
in a closed vessel. The bisulphide of tin which is 
formed dissolves in the sulphide of ammonium, and 
the black sulphide of mercury separates ; it is collected 
upon a weighed filter, washed with weak Bulphide of- 
ammonium, and dried at 100°. 

From the solution in sulphide of ammonium the bi- 
sulphide of tin is precipitated by dilute hydrochloric 
acid, Altered off, washed, dried, and roasted, together 
with the filter, in a porcelain crucible, with free access 
of air. A gentle heat is at first applied, which is gra- 
dually increased, till the whole of the precipitate ia 
converted into white binoxide of tin; a fragment of 
carbonate of ammonia ia held in the ignited crucible at 
the end of the operation. 

III. Amalqam of Silver.* — The amalgam ia dis- 
solved, by the aid of heat, in nitric acid, ao that the 
solution may contain the whole of the mercury ia tht! 
state of protoxide; the acid solution is diluted with 
water, and the silver precipitated by an excess of hy- 
drochloric acid. 

The mercury in the filtrate from the chloride of 
silver may bo precipitated by phosphorous acid. 

* Way bti obtainsd in oryatala Ly allowillji; a smsll qnkntltj of 
taereaty to rsniKin in a moderatelj dilntad solution of uitrata of 
lilver, or l>; plaoiiig a thick bright copper-wire in the mixed iola- 
tloui of uilrata of silver and of auboxide of ni«[cui7. 
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By digesting with dilute nitric acid, the protoxide 
of mercury is extracted, together with a portion of the 
protoxide of lead, the remainder of the lead being left 
behind in the form of brown binoxide, mixed with the 
cinnabar. This residue ia well washed upon a weighed 
filter. 

From the solution, which must contain an excess of 
nitric acid, the lead ia precipitated by an excess of anl- 
phuric acid, and a little alcohol. The mercury iriay 
then be precipitated as protouhloride by hydrochloric 
acid and phosphorous acid. Before the separation of 
the lead the^e last two reagents would have given 
chloride of lead with the protochloride of mercury. 

The mixture of cinnabar and binoxide of lead is 
treated, upon the filter, with a warm mixture of dilute 
nitric acid and a little oxalic acid, which dissolves the 
binoxide of lead, with evolution of carbonic acid. The 
cinnabar is then washed, dried at 100°, and weighed. 

The lead is precipitated from the solution by sul- 
phuric acid, with addition of aome alcohol. 

In order to analyze the cinnabar, it is dissolved (in ■ 
this case, together with the filter) in concentrated hydro- 
chloric acid, with careful addition of chlorate of potassa; 
the sulphuric acid ia then precipitated from the diluted 
solution by chloride of barium, the filtrate concentrated, 
and the mercury precipitated by protochloride of tin, 
or, better, by phosphorous acid. 



47. TIN AND COPPER. 

(Bronze, Gun-metal, Bell-metal.) 

I. The alloy, aa finely divided as possible, is oxidized 

with concentrated nitric acid, the greater excess of the 
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latter evaporated, the solution diluted with hot water, 
and the undissolved binoxide of tin filtered off. The 
Copper is precipitated from the filtrate by caustic po- 
tassa, at a boiling-heat. 

If the bronze contain also zino, lead, and iron, the 
lead is precipitated by sulphuric acid, and the copper 
by sulphuretted hydrogen. The solution filtered from 
the sulphide of copper is heated with some chlorate of 
potassa in order to peroxidize the iron, and the sesqui- 
oxide of the latter metal precipitated by an excess of 
ammonia. The oxide ol'zinc remains dissolved in the 
alkali, and is precipitated by sulphide of ammonium. 
Or the method described in No. 31 may be followed. 

II. A surer method of obtaining the binoxide of tin 
free from other metale consists in oxidizing the alloy 
with nitrio acid, evaporating to complete dryness, 
moistening with hydrochloric acid, and afler some time 
adding water, the mass dissolves completely and the 
binoxide of tin is precipitated by sulphuric acid. After 
it has fully settled, it is filtered, washed, and ignited. 

III. A very accurate analysis may also be effected 
by heating the alloy in a current of dry chlorine, when 
the tin and a part of the iron are volatilized as chlo- 
rides, which are conducted into water, and chloride of 
copper, chloride of zinc, and chloride of lead are left. 
{See Tetrahedrite.) 



48. TIN AND LEAD. 
(Pewter, Soft Solder.) 

The alloy is oxidized with moderately strong nitric 
acid, which leaves the tin undissolved in the form of 
binoxide; after heating and diluting with water, the 
binoxide of tin is filtered oft) washed, dried, and ignited. 

From the filtrate the lead is precipitated by dilate 
7 
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Bulphnric acid. The whole solution, containing the 
suspended precipitate, ia evaporated to expel tte nitrio 
acid, until the sulphuric acid begins to volatilize ; it is 
then diluted with water, and the sulphate of lead col- 
lected upon a weighed filter, which has been dried at 
120°, and washed with spirit of wine, A filter which 
has not been weighed may be employed, if care be 
taken to remove as much aa possible of the precipitate 
from the filter, and to incinerate the latter carefully 
apart, so that no reduction of lead may take place. 
(Moreover, see No. 49.) 

After the above operation itisdilScnlt to obtain the 
bino.\ide of tin perfectly free from lead. It is much 
surer to fuse the alloy with a mixture of carbonate of 
potassa and sulphur, to extract the tin as a sulphide, 
and pruceed as in No. 49, 



49. BISMUTH, LEAD, AND TIN. 

The alloy is oxidised with moderately strong nitric 
acid, the mass mixed with an excess of ammonia and 
sulphide of ammonium, and digested for some time in 
a closed flask. In this way the tin is entirely dissolved 
as a sulpbur-salt. The solution is filtered off from the 
other sulphides, which are then washed with very weak 
sulphide of ammonium, and dried. 

From the solution the bisulphide of tin ia precipi- 
tated by dilate hydrochloric acid, filtered off, washed, 
and dried. It ia then gradually heated, together with 
the filter, in a porcelain crucible, with free acceaa of 
air ; at firat gently, and ultimately to redness, so that it 
may be entirely converted into binoxide of tin. A 
fragment of carbonate of ammonia is held in the cruci- 
ble at the end of the operation, to remove any sulphuric 
acid which may have been formed. 
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The mixture of sulphide of bismuth and sulphide of 
lead is detached, aa far as possible, from the filter, the 
latter incinerated, and the ash added to the precipitate 
which is then oxidized in a capacious capsule, with con- 
centrated nitric acid, a little sulphuric acid added lest 
there should not be sufficient, and the excess of nitric 
acid expelled bj heat. The mass is then treated with 
a little water, the solution of sulphate of bismuth fil- 
tered off from the sulphate of lead, the latter washed 
with water containing sulphuric acid, dried, and ignited. 

From the filtrate the teroxide of bismuth is precipi- 
tated bj carbonate of ammonia in excess ; the liquid 
is digested for some time to insure the complete sepa- 
ration of the precipitate, which is then filtered off, 
washed, detached as far as possible from the filter, and 
ignited in a porcelain crucible, when it is converted 
into yellow teroxide of bismuth. The filter ia incine- 
rated separately. 

If the oxide is fused with cyanide of potassium, it ia 
reduced and determined as metallic bismuth. 

The best method to separate bismuth from the other 
metals depends upon this, that by the addition of a 
large quantity of water to the hydrochloric acid solu- 
tion, there ia obtained a perfectly insoluble precipitate 
of basic chloride of bismuth (2Bi, 0,-l-Bi,Cl,), that 
may be weighed in this state, or reduced to a metallic 
state, by fusing with cyanide of potassium. In order 
to separate the lead, the concentrated solution ia mixed 
with ao much hydrochloric acid that the chloride of 
lead is precipitated, and the addition of a few drops of 
water causes no turbidity. Dilute sulphuric acid is 
then added, allowed to stand for some time, stirring 
occasionally, then mixed with alcohol, well stirred, and 
the sulphate of lead left to settle down. It is then fil- 
tered, washed with alcohol containing hydrochloric 
acid, and afterwards with pure alcohol. The filtered 
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solution ia then mixed witb a Urge quantity of water, 
when the bistnutb is precipitated as basic chloride. 



50. BISMUTH AND COPPER. 

By carbonate of ammonia bismutb is precipitated, 
while copper remains in solution, but the separation is 
only approximate. It is more accurate to precipitate 
the bismuth as basic chloride, as in No. 49. 



Bl. SCHWBINPURT GREEN. 
OuO, A + 3(CuO.AsO^. 

When this substance is heated with caustic potassa 
the acids are extracted, and red suboxide of copper 
left, one-third of the arsenious acid being converted 
into arsenic acid. 

If the filtered liquid be neutralized with nitric acid, 
and nitrate of silver gradually added, a red brown pre- 
cipitate of arseniate of silver is first produced, and 
afterwards a yellow precipitate of araenite of silver. 

In order to separate the two acids, the solution, pre- 
viously acidified with nitric acid, is mixed with excess 
of ammonia, and sulphate of magnesia added, which 
has been mixed with so much chloride of ammonium 
that it is no longer precipitated by ammonia. The 
arsenic acid is thus precipitated by arseniate of mag- 
nesia-ammonia. After the lapse of twelve hours, the 
precipitate is collected upon a dried and weighed fil- 
ter, washed with dilute ammonia, and thoroughly dried, 
at 100°, It then has the composition 2 MgO, NH, 0, 
AsO,-fHO, and contains 60,63 per cent, of arsenic 
acid, — It is not safe to ignite this precipitate, since 
arsenic is then liable to be reduced and volatilized. 
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The solution filtered from the magnesia-precipitate 
is acidified with hydrochloric acid, and the arsenious 
acid precipitated aa tersulphide of arMenie. 

If the alkaline solution is saturated with hydro- 
chloric acid, and heated with sulphurpus acid, the 
arsenic acid is reduced to arsenious acid and may he 
precipitated by hydrosulphuric acid. Or if the solu- 
tion IS saturated with chlorine gas, all the arsenious 
acid will be converted into arsenic acid, and may then 
3 precipitated by the ammoniated salt of magnesia.* 



igested with a mixture 
id and alcohol, a solu- 
ned, and the arsenious 



If the original pigment be di 
of concentrated hydrochloric aci 
tion of chloride of copper is obtai 
acid remains behind as a white powder. 

By long digestion with an excess of sulphide of am- 
monium, the copper is separated as sulphide, while all 
the arsenic is dissolved and may be precipitated as 
tersulphide of arseuic by adding hydrochloric acid to 
the filtrate. 

When Schweinfurt green ia distilled with dilute sul- 
phuric acid, the acetic acid passes over, and may be 
converted into acetate of baryta by adding that base. 
The accurate quantitative estimation of the acetic acid 
can only be effected by ultimate organic analysis. 



52. ARSENIC AND LEAD. 

The alloy, in a fine state of division, is oxidi?ied with 
nitric acid, the excess of ftcid evaporated, the solution 
neutralized with ammonia, and the precipitated white 
mass digested for some time with an excess of sulphide 
of ammonium ia a closed vessel. The solution of sul- 



* The detection and separatloQ of arsenic, b 
Die, also poitooing b^ araenlo. 

7* 
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phide of arsenic is filtered from tbe sulphide of lead, 
which is collected upoD a weighed filter, washed, first 
with weak sniphide of ammonium, then with water, 
dried and weighed, and treated aa in No. S9, 

The sulphide of arsenic is precipitated from the 
solution hy dilute hydrochloric acid, the sulphuretted 
hydrogen expelled by a gentle heat, the precipitate 
filtered o£f, washed, and gently heated, together with 
the filter, in a beaker, with concentrated hydrochloric 
acid, with gradual addition of chlorate of potassa, until 
all the arsenic and part of the sulphur are oxidized 
and dissolved. The eolation is diluted with water, 
passed through a filter, which must ha well washed, 
and the arsenic acid precipitated, as in No. 51, with 
sulphate of magnesia and ammonia. 



63. AHSENIC AND TIN. 

The finely-divided compound is gradually and care- 
fully oxidized with nitric acid, which is dropped upon 
it in a weighed vessel. When it is converted into a 
dry while mass, more nitric acid is added, and the 
whole evaporated to perfect dryness in a water-bath. 
The mass dried at 100" is weighed. A portion of it 
is then weighed in a bulb-tube, one limb of which is 
bent downwards, and dips into caustic ammonia con- 
tained in a small flask. A stream of sulphuretted 
hydrogen is passed through the bulb-tube, and when 
it is filled with gas, the mass. is heated, gently at first, 
afterwards more strongly, until a sublimation takes 
placeof sulphide of arsenic and sulphur, which dissolve 
ID the ammonia. When no fresh sublimate is formed, 
the apparatus is allowed to cool, and the piece of tube 
cut off in which any sublimate still remains. This 
tube is placed in warm solution of potassa, which easily 
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dissolvea the sublimate, the solution added to the sul- 
phide of auimonium, and the whole liquid carefully 
acidified with hydrochloric acid which precipitatea the 
Bulphide of arsenic. Some powdered chlorate of potassa 
is added to the liquid, without filtering, and heat ap- 
plied till there remains only pure sulphur, which is 
filtered off, From the filtrate, the arsenic acid is then 
precipitated by ammonia and sulphate of magnesia as 
in No. 61. 

All the tin is lel^ in the bulb in the form of dark 
brown bisulphide of tin, mixed, however, with a vari- 
able quantity of sulphur, so that the amount of tin 
cannot be immediately inferred from the weight of the 
residue. In order to determine the tin, the contents of 
the bulb are thrown into a porcelain crucible, moistened 
with nitric acid, and ignited, with access of air, until 
the tin is entirely converted into white binoxide, which 
13 then weighed. The quantities of tin and arsenic 
are afterwards calculated for the whole quantity of the 
original oxidized mass. 

A simpler method is based upon the solubility of 
sulphide of arsenic in bisulphate of potassa, while the 
sulphide of tin is insoluble. The mass oxidized by 
nitric acid is digested with a solution of caustic potash 
and sulphur until it is completely dissolved (or with 
the exception of a basic sulphide, from which it may 
be filtered). The solution is then mixed with an excess 
of sulphurous acid, digested, and boiled until about 
two-thirds of the water has evaporated and all the sul- 
phurous acid. The sulphide of tin ia filtered off and 
washed with a concentrated solution of common salt, 
and not with water. This may then be separated from 
the precipitate by a solution of acetate of ammonia 
slightly acid, but the liquid must not be mised with the 
salt washings. The sulphide of tin is dried and con- 
verted into the oxide by roasting is the air. The 
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rsenio contained in the fluid as arsenious acid, is pre- 
cipitated by a stream of sulphuretted hjdrogto. 



54. TARTAR-EMETIO. 
K0T,Sb0.f+2H0. 

The powdered salt loses all its water at 100°. 

The substance is dissolved in about 300 times ita 
■weight of warm water, and the solution saturated with 
sulphuretted hydrogen. Some hydrochlonc acid is 
afl^erwards added to promote the separation of the ter- 
sulpbide of antimony; when the liquid has become 
clear, the precipitate is collected upon a weighed filter, 
well washed, dried at 160°, and weighed. In this case 
the weight of the antimony may be at once inferred 
IVom that of the precipitate. 

The filtrate is evaporated to dryness, the saline 
residae heated till the tartaric acid is completely car- 
bonized, the carbonaceous mass digested with dilute 
hydrochloric acid, filtered ofi" and thoroughly washed. 
The solution is evaporated, and the residual chloride 
of potassium gently ignited in a covered crucible, and 
weighed. 

The amount of the tartaric acid is inferred from the 
difference. It can be directly determined only by 
ultimate organic analysis. 



66. ANTIMONY AND LEAD. 

(Type Metal.) 

The flnely-divided compound is oxidized with nitric 
acid, the solution mixed with ammonia in slight excess . 
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and afterwards with an excess of yellow sulphide of 
ammuDium, with which it ia digested for some time 
notil the precipitate is perfectly black. The solution 
is then diluted with water, the sulphide of lead col- 
lected upon a dried and weighed filter, thoroughly 
washed with dilute sulphide of ammonium, and after- 
wards with water, dried at 150°, and weighed, (iSsc 
No. 39.)' 

The sulphide of antimony is precipitated from the 
solution by dilute sulphuric acid, and the liquid ex- 
posed to the air until most of the sulphuretted hydro-, 
gen has been dissipated. The precipitate is then 
thrown upon a dried and weighed filter, well washed, 
and dried at 100° till its weight is constant. 

Since the quantitative composition of this precipitate 
is not accurately known, and since, moreover, it con- 
tains some free sulphur, it must now be analyzed, and 
either the sulphur or the antimony in it determined. 

To determine the amount of sulphur which it con- 
tains, a weighed quantity ia detached from the filter 
and oxidized, very gradually and cautiously, in a flask, 
with concentrated nitric acid. Concentrated hydro- 
chloric acid is afterwards added, and the mixture di- 
gested until all the antimony and all the sulphur are 
dissolved. As soon as this is the case, so much tartaric 
acid is added, that the solution may be diluted with 
water without any precipitation taking place. If any 
sulphur should have been separated in an unoxidized 
state, it mast be collected upon a weighed filter. The 
sulphuric acid is then precipitated from the diluted 
solution by chloride of barium, and the precipitate 
washed with hot water. The quantity of sulphur, and, 
in consequence, that of the antimony, are calculated 
for the total weight of the precipitated sulphide of 
antimony. 

For the direct estimation of the antimony, a weighed 
portion of the original precipitate is introduced into a 
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weighed bulb-tube, and heated in a stream of hydrogen 
gas, at jirst very geatly, and ultimatelj to the fusing 
point of the antimony, from which the sulphur is thus 
completely separated. 

Or, instead of the hydrogen, a stream of carbonic acid 
gas free from air may be passed through the tube, and 
the precipitate heated in it until it does not lose any 
more sulphur, and is converted into black tersulphide 
of antimony. 

A more accurate method consists in converting the 
-sulphide of antimony into the antimoniate of the oxide 
of antimony (Sb,0„ Sb,0,), complete oxidation being 
produced by fuming nitric acid. To prevent too rapid 
action it should be moistened first with fi few drops of 
weak acid. 

The oxidation is made in a weighed porcelain cru- 
cible. By digesting for some time the decomposition 
is complete, and the pulverulent precipitate of sulphur 
separates. The acid is then carefully evaporated and 
the residue iguited. 



66. BOUBNONITB. 
3 Cu^, Sb^, + 2 (3 PbS, Sb.S3). 

The powdered mineral is gradually and carefully 
oxidiaed with concentrated nitric acid, the mass mixed 
with ammonia, and digested for some time, in a closed 
vessel, with yellow sulphide of ammonium. The so- 
lution is then treated as directed in No. 55. 

The residue containing sulphide of copper and sul- 
phide of lead is dried in the funnel, detached as far as 
possible, from the filter, the latter incinerated, and the 
sulphides afterwards oxidized, in a dish, by the gradual 
addition of fuming nitric acid. Some sulphuric acid 
is then added, the whole of the nitric acid expelled by 
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heat, and the sulphate of copper extracted from the 
mass by water. The sulphate of lead is washed, dried, 
and ignited. The oxide of copper is precipitated from 
the solution hj caustic potasaa, at a boiling heat. 

This method is not quite accurate, since a little sul- 
phide of copper dissolves in the sulphide of, ammonium 
together with the tersulphide of antimony; sulphate 
of lead, moreover, is not quite insoluble. The aeter- 
miuatiou of the lead is more accurate if all free sul- 
phuric acid be expelled by heat before the sulphate of 
copper is extracted with water. 

A more exact method for the analysis of this mineral 
is that with chlorine, described in the article upon 
Tetrahedrite. 



67. ZINKENITB." 
FbS, Sb^,. 

The amount of sulphur present may Im inferred from 
the loss which the compound suffers when heated in a 
bulb-tube, through which a stream of hydrogen is 
passed, when all the sulphur is evolved as sulphuretted 
nydrogen, and PbSb remains behind. 

The relative proportions of'lead and antimony are 
determined as in No. 55. 

For the direct estimation of the sulphur, the finely- 
divided compound is mixed with 3 parts of chlorate of ■ 
potas.'ia, and d parts of carlannate of soda, and heated 
in a porcelain crucible, at first gently, and ultimately 
to Kdness, until the chlorate of potaasa is completely 
decomposed. The sails are then extracted from the 

*Pf>g<oi]1ttiJliTnasnnlt«,>nd feather-ore, nrei>in]1UrcombiD«tioiiR. 
Zink^iiite nmr ba euilj prHpared artiSoiall; by riinin^ to^rther Tt 
parta of eulphide of lead, with 11 parts of blauk turBulpkids ol 
kutimonj iu a glut labs. 
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masa witb water, the residue well washed, the solution 

acidified slightly with hydrochloric acid, and the sul- _ 
phurio acid precipitated by chloride of barium. 



58. BERTHIERITB. 

FeS, Sb,Sj. 

The mineral, in the state of fine powder, is oxidized 
with hydrochloric acid and chlorate of potassa, until 
the separated sulphur has a pure yellow color. The 
solution is mixed with tartaric acid, and may then bo 
diluted with water without any precipitation taking 
place. The separated sulphur is collected upon a dried 
filter, washed, and dried al 100°. The sulphuric acid 
produced by the oxidation is precipitated from the 
solution by chloride of barium, and the sulphate of 
baryta washed with hot water. 

When the excess of baryta has been removed froiii 
the filtrate by sulphuric acid, a stream of sulphuretted 
hydrogen gas ia passed through the solution, and the 
antimony precipitated. {See also No. 55.) 

From the filtered liquid the iron is completely oxi- 
dized and then precipitated by ammonia. 



59. RED SILVBR-ORE.* 
Pyrargyrite, 3AgS, Sb,S,. Proustite, 3AgS, As^j. 
1. PyBARGYKiTK. — To determine the amount of sul- 
phur, a weighed quantity of the mineral is fused in a 

• These componnds m»j be readily obtained artifloially by fai- 
ing their conntitnenU togellier. That whioli ooutaini antimony ii 
propared by fusing Z-2 purls of aalphide of nllTer with 1 part of 
blauk tetHnlphida of anliiuony ia a ciaoible, buueath a Uyet of 
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bulb-tube, over & large spirit-lamp or gaa-burner, in a 
stream of dry hydrogen, as long as any sulphuretted 
hydrogen is formed; all the sulphur is thus expelled, 
in combination with hydrogen. The conclusion of the 
operation is also indicated by a sort of coruscation 
which takes place, andtheantimonida of silver is left in 
the form of a perfectly bright, smooth, movable globule. 
The tube is allowed to cool slowly, weighed, and 
placed in communication with an apparatus for' the. 
evolution of chlorine, in a current of which the anti- 
Fig. 11. 



monide of silver is fused, until no more pentachloride 
of antimony is volatilized, and pure fused chloride of 
silver remains. The latter is then treated as in the 
case of gray copper-ore. 

The antimonide of silver may also be oxidized by 

oomtnon Halt ; to prepare tlie araeniferoag componnd, 8 parts of 
■alphide of e'llver and 1 part of yellow tersnlpbida of araenio, or 
32.4 parts or powdered silror 9.6 parts of snlphnr, and T.S parts 
oF araenio ant fnaod toguther in a iflaes labe closed at one Hud. 
CombinatioD takHs place with iLcaudeBoenee. 
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nitm acid, am! the silver and the antimony separated 
hy sulphide of ammonium, as in aDtiitiomde of lead 
{No. 55.) 

2. PROUSTITE. — The light colored variety, when fused 
in a. current of hydrogen, loses all its sulphur and 
arsenic; but the complete expulsion of the latter can 
scarcely be elTected in a glass tube. The experiment 
must be conducted in a small porcelain boat, placed 
in a porcelain tube. After a certain time, the fused 
substance suddenly swells up to a voluminous bladder- 
like mass, from which the last portions of arsenic can 
be but slowly expelled. 

The analysis may also be effected by dissolving the 
red silver-ore in concentrated nitric acid. The diges- 
tion is continued until the separated sulphur has a pure 
yellow color; the solution is then diluted with hot 
water, and filtered from the sulphur, the total quantity 
of which may here be determined from the loss, unlesa 
it be directly determined, as in the case of ehaloo- 
^pyrite (No. 30); the silver is precipitated by diluted 
hydrochloric acid {see No. 1), the solution filtered off, 
concentrated by evaporation, with addition of some 
nitric acid or chlorate of potasss, and the arsenic acid 
precipitated by sulphate of magnesia. {See No. 51.) 

Or the very finely -powdered mineral may be fused 
with 5 times its weight of a mixture of equal parts of 
nitre and carbonate of soda in a platinum crucible, at 
the bottom of which a layer of carbonate of soda has 
been placed. The mass is afterwards dissolved out 
with not water, the silver filtered off, washed, ignited 
and weighed. The solution is acidified with hydro- 
chloric acid, mixed with ammonia, and the arsenic acid 
precipitated by sulphate of magnesia. The amount 
of sulphur is determined by loss, unless it be precipi- 
tated from the original solution in the form of sulphate 
of baryta, when it must be very carefully washed with 
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hot water to free it from the nitrate of baryta which it 
carries down. 

Both compounds may also be analyzed with great 
accuracy by means of chlorine gas, as described in the 
article upon Grey Copper-ore, or Tetrahedrite. 

In analyzing a mixture of light and dark red silver- 
ore, the arsenic and antimony are separated according 
to the method described in No. 61. 



60. TIN AND ANTIMONY. 

The weighed compound is disaolved in hydrochloric 
acid, with gradual addition of nitric acid, and a piece 
of pure tin placed in the solution, with which it is 
heated for some time, until the whole of the antimony 
is precipitated ; the latter is collected upon a weighed 
filter, washed, dried at 100°, and weighed; the amount 
of tin is inferred from the diSerence. 

In order to determine both metals directly, the com- 
pound, as finely divided as possible, is oxidized in a 
beaker with strong pure nitric acid, the mass evapo- 
rated to dryness, gently ignited, and fused, in a silver 
crucible, with a largeexcessof hydrate of soda. When 
oool, the mass is treated with water, rinsed out into a 
beaker, and the solution mixed with J its volume of 
strong alcohol. The insoluble antimoniate of soda is 
thus separated from thestannate, carbonate, and excess 
of hydrate of soda, which are dissolved by the weak 
spirit. When the liquid has become perfectly clear, 
the precipitate is filtered off, and washed, first with a 
mixture of equal volumes of alcohol and water, and 
finally with strong alcohol. 

The alkaline solution is heated to expel the alcohol, 
diluted with water, acidified with dilute sulphuric acid, 
and the tin precipitated by sulphuretted hydrogen 
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The bisulphide of tin is then converted into binoxide 
of tin, as directed in Ko. 49. 

Theanlimoniateof soda is detached as far as possible 
from the filter, and a mixture of hydrochloric and tar- 
taric acids poured over the latter, and allowed to flow 
into the beaker containing the remainder of the preci- 
pitate. When the salt is perfectly dissolved, and the 
filter has been washed, the antimony is precipitated by 
Bulpbnretted hydrogen. The antimony contained in 
the precipitate is determined as in No. 55. 

The antimtniate of soda may also be collected upon 
a weighed filter, dried at 100", and a weighed portion 
mixed with sal-ammoDiac in a porcelain crucible, and 
ignited, when all the antimony is volatitizeH, and the 
salt converted into chloride of sodium. The operation 
must be repeated several times till the weight is con- 
stant, and the amount of the antimony may be calcu- 
lated from that of the chloride of sodium obtained. 

Or the dried antimoniate of soda may be fused in a 
porcelain crucible with an excess of cyanide of potas- 
sium. The antimony is reduced and ^lleots in a 
metallic button. 



61. ARSENIC AND ANTIMONY." 

If only these two metals he present, as in native 
arsenic, a complete separation may be eSected by heat- 
ing the compound in a bulb-tube through which a 
stream of dry carbonic acid gas is transmitted, when 
the whole of the arsenic is volatilized, and the antimony 
remains behind. If too strong a heat be applied, a 
portion of the latter metal may also he volatilized. 

When the compound under examination contains, 
as is often the case, the two metals in the form of sul- 

* See No. 132. Poisoning bjr Ansnio. 
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phides, they may be at least approximately separated 
by digestion with conceDtrated hydrochloric acid, 
which dissolves the sulphide of antimony, and leaves 
that of arsenic, or with carbonate of ammonia, which 
dissolves the sulphide of arsenic. 

Methods for Quantitative determination. 

I. The compound is carefnlly oxidized with aqua- 
regia, or with hydrochloric acid and chlorate of potaasa, 
some tartaric acid and a considerable quantity of chlo- 
ride of ammonium added, and the mixture then treated 
with ammonia in excess, which must dissolve the 
whole. I'rom this solution the arsenic acid is precipi- 
tated by sulphate of magnesia. {See No. 51.) 

The filtrate is acidulated with hydrochloric acid, 
and the antimony precipitated by sulphuretted hydro- 
gen, and treated as in No. 54. 

II. A more accurate method depends upon the fact 
that freshly precipitated sulphide of arsenic is soluble 
ID sulphite of potassa and sulphurous acid, while the 
sulphide of antimony is not^ 

The analysis of commercial gray sulphide of anti- 
mony dr metallic antimony, is made in the following 
manner : — 

The very finely pulverized and weighed substance 
is digested with a solution of sulphide of potassium 
and some sulphur, until it is dissolved. There gene- 
rally remains a black mixture of sulphides of lead, 
iron, and copper, which are separated by filtration and 
analyzed by themselves. The solution is then mixed 
with a large excess of a saturated solution of sulphurous 
acid in water, with this digested and kept at the boil- 
ing-point until two-thirds of the water has evaporated, 
and all the sulphurous acid is driven off. The precipi- 
tated sulphide of antimony is filtered, washed, and 
treated as in No. 51. From the solution which contains 
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the arsenic as araenioas acid, it is precipitated by bj- 
drosulpbaric acid as in No. 62. 



62. ARSENIC, ANTIMONY, AND TIN. 

The componnd ia divided as finely as possible, and 
carefully oxidized with strong and pnre nitric acid, 
the mass evaporated to dryness and fused in a silver 
crucible with eight times its weight of hydrate of soda, 
the evaporating vessel being previously rinsed with 
solution of soda, which is added to the contents of the 
crucible and evaporated to dryness. The fused mass 
is treated with hot water, then diluted with water, and 
one-tfaird its volume of strong alcohol added. The 
mass )8 allowed to stand for twenty-four hours and 
frequently stirred; the antimoniate of soda is then fil- 
tered ofl^ and washed first with a mixture of 2 vols, of 
water and 1 vol, of alcohol, next with a mixture of 
equal vols., and lastly with a mixture of S vols, of 
alcohol and 1 vol. of water, adding to each a few drops 
of solution of carbonate of soda. The washed salt is 
treated as in No. 60. 

The alkaline filtrate ia supersaturated with hydro- 
chloric acid, which produces a bulky precipitate of 
arseniate of binoxide of tin. Without filtering this off, 
the liquor is saturated with sulphuretted hydrogen, 
the precipitate thus converted into a dark brown mix- 
ture of bisulphide of tin and tersulphide of arsenic, 
and the liquor then allowed to stand for twenty-four 
hours in the closed vessel. The precipitate Is now 
collected on a weighed filter and dried at 100°, The 
separation of the tiu and arsenic is effected by heating 
in sulphuretted hydrogen, as in No. 53. 

A weighed portion of the entire precipitate might 
also be mixed with about 12 times its weight of a 
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mixtare of 3 parts of carbonate of soda and 1 part of 
cyanide of potassium, and beated in a covered poroe* 
lain crucible until all the arsenic is driven off. On 
treating the residue with water, the tin would be left 
behind in the metallic state. Or the mixture could 
be heated in a long glass tube, in a slow current of 
carbonic acid gas, and thns the arsenic obtained as a 
sablimate in the tube. In order to secure a more 
complete condensation, a weighed coil of fine sheet 
copper could be introduced- into the tube, and heated 
to ignition at one place for the purpose of forming 
arsenide of copper. 



63. TETRAHEUEITE. 

4 (On, Ag, Fe, Zn, Hg), + (Sb„ As, Bi), S,. 

Every specimen of tetrahedrite does not contain all 
these constituents; some of them may be entirely 
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absent, and generally they may replace each other ia 
the different kinds in varying quantities. 

The analysis is best effected by gently heating the 
tDineral in dried chlorine gas, when sulphur, arsenic, 
antimony, mercury, and a portion of the iron are vola- 
tilized in the form of chlorides, and copper, silver, zinc, 
and part of the iroa remain behind, likewise converted 
into chlorides. 

The above figure shows the construction of the ap- 
paratus to be used in suchanalyses. The chlorine gas, 
for the purpose of drying it, is first passed through a 
small cylioder containing concentrated sulphuric acid, 
and thence through the chloride-of-calcium-tube, which 
is fixed upon a wooden stand. 

The mineral, finely divided, is weighed in the bulb- 
tube. The latter is best provided with two bulbs, in 
order to collect the greater portion of the sublimate in 
the second bulb, and thus to prevent the tube from 
being stopped up. 

The end of the tube bent downwards is connected 
by means of a good cork or a caoutchouc tube, with 
the three-bulb-tube or receiver, in which the volatile 

firoducta are to be condeosed. The other end of the 
atter is provided with a small conducting tube, through 
which the excess of chlorine passes into a small flask 
containing alcohol, or milk of lime. 

In order to prevent the precipitation of antimony, 
the three-bulb receiver is not filiyd with pure water, 
but with ft mixture of dilute hydrochloric and tartaric 
acids, whenever that substance is present; the liquid 
should fill about ^ of the two upper bulbs, which will 
require about 50 grms. In this arrangement the liquid 
cannot rise above a certain point in either limb, but 
must flow back again whenever it has been raised to a 
certain height 

If such a bulb-receiver be not at hand, a flask with 
two necks may be used, as shown in the annexed 
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figare. The perpendicular limbof the bnlb-tube almoat 
touches the mixture of acids in the receiver, but does 




not dip into it, becanse the liquor might id that case 
recede into the bulb-tube, the chlorine being rapidly 
absorbed. The conducting-tube, inserted through the 
second neck, expands at its upper portion into a bulb, 
and is cut oS* below in an oblique direction ; it enters 
the liquid bo far, that this can be pressed up into the 
bulb only, and must then Sow back again. To this 
tube a second one is attached, which is bent at a right 
angle, and conducts the excess of chlorine into alcohol, 
or milk of lime. 

It ia advisable not to connect the bulb-tube, contain- 
ing the mineral, with the chlorine apparatus, until 
most of the atmospheric air has been expelled from it. 

The complete decomposition of tetrahedrite takes 
place even at the ordinary temperature, with strong 
evolution of beat. When the bulb has nearly cooled 
again, it is heated gently by a very small flame, in 
order to separate the volatile products from the non- 
volatile, and to drive the former into the second bulb. 
It is scarcely possible to drive off all the sesquichloride 
of iron; the heating is therefore discontinued as soon 
as vapors of this compound only appear to be evolved. 
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Tbe cblorine gas is to be passed througb in a gentle 
current only, especially towards the last, when the sub- 
limation is eSected, because otherwise the vapors of 
the volatile products may pass uakbsorbed through 
tbe receiver. 

When tbe tube has become clear between the bulbs, 
and the apparatus has cooled, it is cat through between 
the bulbs by means of a 6Ie and a red-hot coal, and 
tbe end with the bulb containing the sublimate is co- 
vered with a short glass tube, sealed at one end and 
moistened with water on the inside. Tbe tubes are 
allowed to remain connected in this manner for at least 
twenty-four hours, in order, to cause tbe sublimate 
gradually to attract moisture and to prevent its becom- 
ing hut and thus occasioning loss on being afterwards 
dissolved in water, as would otherwise be the case. It 
is then dissolved in a little water, to which some hy- 
drochloric and tartaric acids have been added, the tube 
is carefully rinsed, and the rinsings added to the solu- 
tion in tbe receiver. Should the liquid be cloudy, in 
consequence of a separation of antimonious acid, a 
gentle beat must be applied, in order to redissolve the 
latter. In case of sulphur having separated in an un- 
oxidized state, it must be filtered off. 

I. Analysis op the Fixed Residue. — ^The bulb 
containing it is placed in a beaker with dilute hydro- 
chloric acid, and digested until the contents are dis- 
solved, with the exception of the chloride of silver, 
This is filtered ofiF and treated as in No. 1. Should 
chloride of lead be present, as is the case in the analysis 
of bournonite, it must be dissolved by using a larger 
quantity of water. In this case the contents of the 
bulb have to.be heated very cautiously, that the chlo- 
ride of lead may not volatilize. 

A filow current of sulphuretted hydrogen is then 
passed through the solution until it is completely satu- 
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rated. The precipitated Bolpliide of copper is treated 
as io No, 30, or, if lead be present, as in No. 66. 

Thesolotion filtered off from the precipitate contains 
part of the iron, and if too great a heat was avoided, 
all the zinc; it is then heated to ebullition, and mixed 
with some chlorate or hypochlorite of an alkali, in 
order to convert the former metal into a higher oxide; 
the iron and zinc are then separated and determined 
as in No. 31. 

II. Analysis of thk Volatile Pboducts. — This 
solution contains the mercury, antirnoDj, arsenic, a 
portion of the iron, and the sulphur, partly in the form 
of Hulphuric acid, partly unoxidized. 

The sulphuric acid can be precipitated with chloride 
of barium, and the excess of baryta again removed by 
sulphuric acid. 

It is, however, mucli more convenient to determine 
the amount of sulphur in a separate portion of tbs 
mineral. For this purpose it is finely divided, mixed 
with three times its weight of finely-powdered chloraie 
of potassa and then with as mach of dry carbonate of 
soda, and the mixture very gradually heated in a pla- 
tinum crucible (the bottom of which is previously 
covered with carbonate of soda, as a precaution) until 
all the chlorate of potassa is decompceed. When cold, 
the mass is treated with water, the solution filtered, 
slightly acidulated with hydrochloric acid, and the 
sulphuric acid precipitated by chloride of barium as 
in No. 3. 

For the determination of the other constitnents, the 
solution of the volatile chlorides is heated to about 60° 
and then a gentle current of sulphuretted hydrogen 
passed through it until it is cold. When completely 
saturated with sulphuretted hydrogen, the solution is 
allowed to stand for twelve hours, and then the pre- 
cipitate, which consists of the sulphides of mercury, 
antimony, and arsenic ; collected on a filter which has 
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been dried and weighed. After being washed witb 
sulphuretted-hydrogen water, the precipitate is removed 
from the filter, taking oare not to damage the latter; 
it is washed off aa well as possible, and a concentrated 
aolation of sulphide of ammonium poured upon it, with 
which it is digested in a closed vessel until the whole 
of the sulphides of arsenic and antimony are dissolved, 
and the sulphide of mercury has assumed a pure black 
color. When completely cold, it is again collected on 
the filter previously used, washed first with dilate sul- 
phide of ammonium, and towards the end with pure 
water, dried antl weighed. 

From the solution in sulphide of ammonium, the 
sulphides of arsenic and antimony are precipitated by 
an excess of dilute sulphuric acid, and separated and 
determined as in No. 61. 

From the liquid which has been filtered off from 
the precipitate by sulphuretted hydrogen, the iron can 
only be separated by sulphide of ammonium after 
neutralizing with ammonia, on account of the presence 
of tartaric acid. When the sulphide of iron is com- 
pletely separated by digestion at a gentle heat, it is 
filtered oS, and washed with sulphuretted hydrogen- 
water; the fitter is then put into a beaker, and digested 
with hydrochloric acid until all the sulphide of iron 
ia dissolved. The solution is then filtered o£F from the 
paper, the latter washed, the liquid heated with chlo- 
rate of potassa, and the sesquioxide of iron precipitated 
by ammonia. 

Or the sulphide of iron is dried, removed from the 
filter, which is burned, and the ashes added to the pre- 
cipitate, with a small piece of sulphur, and strongly 
ignited in a stream of dry hydrogen. It is weighed 
as Fe S — sulphide of iron. 

If the amount of sulphide of iron be but small, the 
filter is ignited with the precipitate, the air having 
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free access, until all the iron is conyerted into sesqoi- 
oxid^ and its weight reoiains constant. 



64. OERMAI^LYER (ARGGNTAN). 
(Cu, Ni, Zn). 

Tbe alloy is diasolred in nitric acid, tbe greater 
' ezoesa of aoid evaporated, the solution dilut^ with 
water, and the copper precipitated by means of sul^- 
pburetted hydrogen. {See No. SO.) 

Tbe filtered liquor ia concentrated by evaporation, 
precipitated by an excess of solution of potassa, and 
heat^ with it, when the protoxide of nickel is sepa- 
rated and the oxide of zinc dissolved. From this solu- 
tion the latter is precipitated by sulphide of potassium, 
or, after being saturated with hydrochloric acid, by 
carbonate of soda at a boiling heat. 

In this manner, however, the oxides of nickel and 
zinc cannot be separated with precision ; some oxide 
of zinc remains with the protoxide of nickel. 

The separation is also efiected incompletely by fusing 
the mixture of the oxides with hydrated potassa, or by 
precipitating both oxides with carbonate of soda at a 
boiling beat, converting tbe protoxide of nickel into 
black sesquioxide by digestion with hypochlorite of 
soda, and then extracting the oxide of zinc by means 
of caustic potash, or the solution is mixed with acetate 
of soda and sulphuretted hydrogen passed into it. At 
first white sulphide of zinc is precipitated, and by de- 
grees the black sulphide of nickel. A more accurate 
result is obtained if the mixture of both oxides is 
mixed with 8 times its weight of carbonate of potassa 
and the same quantity of sulphur, carefully fused to- 
gether in a porcelain crucible, until it flows quietly, 
and when cool the alkaline sulphide extracted with 
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the sulphides of the metals, which dissolves onlj the 
Bulphide of zino. 

The most accurate method for the separation of the 
three metal? consists in dissolving the German silver 
in hydrochloric acid, adding 4^fio acid, drop by drop, 
and saturating the solution, which must not be too 
acid, with sulphurous acid, and precipitating the cop- 
per as subsulpbo-cyanide. {See No. 33.) The filtered 
solution is then evaporated to a small volume, mixed 
with an excess of caustic potassa, and gradually with 
hydrocyanic acid, until the precipitate is completely 
dissolved, and is of a yellow color. From this solu- 
tion of double cyanides the zinc may be precipitated 
as a sulphide, by sulphide of potassium, and not sul- 
phide of ammonium. After digestion by itself for 
some hours, at a gentle heat, it is filtered. The solu- 
tion is then boiled with fuming nitric and hydrochloric 
acids, or in place of the latter, chlorate of potassa, and 
the protoxide of nickel precipitated while hot, by 
caustic potassa. It is then dried and ignited. 



66. NICCOLITE .• 

NiAs. 

I. pBEPABATioN OF PuBK NiCKEL. — The finely 
powdered arsenide of nickel is heated in a crucible 
placed obliquely in the fire where the draught is 
strong to carry oET the fumes, and roasted at a gentle 
heat with continual stirring, until the vapors of arsenic 
cease to be given off, and it is changed into greenish 
basic arsenate of nicliel. 

" Araenlde of nickel, with a vaiTing kinoiiiit of robalt «nd iron. 
The siD«1tlng-prodDctB, kaowo b; the nttoie of onbiitt- and niikel- 
epeiH, bara a aimiUr oomposltion, and ooDtain besidsB trHquiDtl/ 
aooidtDtal admixtnrw of oopper and biimath. 
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II, Or tbe powdered ore is mixed witb 2 parte of 
dry Boda, and 2 of saltpetre, in a clay crucible, and 
ignited for a considerable time. After the mass has 
cooled, all the arsenate of potaaaa is extracted by hot 
water, and the remaining oxide washed. 

III, Or the ore is mixed with 2 parts of dry soda 
and 1 J parts of sulphur, in a clay crucible, and grada- 
ally heated to redness. It is kept at a low red heat for 
some time, being well covered. The sulph-arsenate 
and sulphide of sodium are extracted by water, after 
the mass has cooled, and the crystalline sulphide of 
nickel washed by decantation. 

The mixture of oxides remaining behind in the 
first and second cases is dissolved in hot concentrated 
hydrochloric acid, that of the sulphides, io the third 
case, in hydrochloric acid with gradual addition of 
nitric acid and with application of heat. 

The solution is heated to about 70°, and during that 
time, and until it has cooled, saturated with sulphuret- 
ted hydrogen; it is then allowed to stand in a closed 
vessel for twenty-four hours, when copper, bismuth, 
and a residue of arsenic are precipitated. 

The arsenic is more easily precipitated if first con- 
verted into arsenious acid by heating with salphurous 
acid. The solution must be freed from an excess of 
{tulphurous acid by boiling, before the sulphuretted 
hydrogen is passed into it. 

The sulphuretted hydrogen having been expelled 
by heat, the solution is filtered, heated to boiling, and 
precipitated by carbonate of soda; the precipitate, 
containing all tne nickel, cobalt, and iron, is thoroughly 
washed. 

It is then, whilst still moist, treated and digested 
with an excess of a hot saturated solution of oxalic 
acid, when all the iron is dissolved, and the nickel and 
cobalt are leil in the form of oxalates. They are 
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filtered off, washed, and digested with coBcentrated 
caustic ammonia until they are dissolved. 

The blue solution is then set aside in an open vessel 
until all the free ammonia has evaporated (under a 
bell-jar over sulphuric acid, so that the ammooia may 
not all be lost), during which time the nickel separates 
in the form of green oxalate of protoxide of nickel 
and ammonia, whilst the cobalt remains in the solution 
to which it imparts a red color. 

The nickel-salt is filtered o£^ washed, and ignited in 
a closed crucible or in a glass tube, when pure metallic 
nickel remains behind. 

The cobalt may be obtained from the solution by 
evaporation and ignition of the residue, or by boiling 
it with canstic potassa until no farther disengagement 
of ammonia takes place ; or when smaller quantities 
are operated upon, by an alkaline sulphide, and subse- 
quent addition of dilute sulphuric acid in order to 
separate the sulphide of cobalt. It however still con- 
tains nickel. 

The pure metal may be easily prepared from 4jom- 
mercial nickel by dissolving it jn hydrochloric acid 
with the addition of some nitric acid, purifying the 
solution by sulphuretted hydrogen, and then precipi- 
tating nickel and cobalt by the addition of a boiling 
saturated solution of binoxalate of potaasa. The 
washed precipitate is then ignited, the metal dissolved 
in hydrochloric with nitric acid and cobalt and nickel 
separated by nitrite of potassa. 

For the purpose of separating the iron, the solution, 
after being again oxidized, may also be mixed with 
chloride of ammonium, and then with ammonia in 
excess, when sesquioxide of iron (with a little nickel 
and cobalt) is precipitated, whilst nickel and cobalt 
remain in solution. 

II. QuANTlTATiva Ahaltsis. — The very finely- 
powdered arsenide of nickel la fused with 2 parts of 
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nitrate of potaasa and 2 parts of onrbonate of soda, in 
a platinum crucible, the bottom and aides of which 
have previously been carefully covered with carbonate 
of soda; the mass is then ignited for some time, and 
when cold is digested with water ; the oxides formed 
are filtered off and thoroughly washed. 

The solution contains all the arsenic in the form of 
arsenates of the alkalies; it is supersaturated with 
hydrochloric acid, and then mixed with concentrated 
caustic ammonia and sulphate of magnesia. 

After twenty-four hours the precipitate ia collected 
on a weighed filter, washed with dilute caustic am- 
monia, dried at 100° and weighed. {See No. 51.) 

The arsenic may also be determined from the loss. 

The oxides are dissolved in concentrated hydro- 
chloric acid, and the copper and bismuth precipitated 
from the solution by sulphuretted hydrogen. The 
precipitate is treated as in No. 50. 

The liquid filtered off from the precipitate is heated 
nearly to boiling, and mixed with some chlorate of 
potassa in order to peroxidize the iron, which may 
then be separated from the nickel and cobalt in the 
- same manner as from manganese, either by succinate 
of ammonia or by carbonate of baryta. {&e No. 25.) 

From the liquid filtered off from the succinate of 
iron, nickel and cobalt are precipitated at a boiling- 
heat by caustic potassa, filtered oS, and washed with 
hot water. 

From the liquid separated from the carbonate of 
baryta, the dissolved baryut is precipitated by sul. 
phuric acid, and the nickel and cubaSt are then pre- 
cipitated from the hot solution by caustic potassa. 

The precipitate containing the hydrated oxides of 
nickel and cobalt is gradually mixed, whilst still moist, 
with dilute hydrocyanic acid and solution of potassa 
(or cyanide of potassium), and a gentle heat applied 
nntil it is dissolved. The yellowish-red solation is 
9* 
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heated to boiling, in order to expel the excess of the 
hydrocyanic acid and to convert the cyanide of ^obatt 
and potassium into the cobalticyanide, and is then 
mixed, whilst still warm, with levigated protoxide of 
mercury. By this treatment the cyanide of nickel and 
potassium is decomposed and all the nickel precipi- 
tated, partly in the form of oxide, partly aa cyaoide, 
whilst mercury takes its place. 

The precipitate, when washed and ienited with access 
or air, leaves pure oxide of nickel behind. 

If the mixture' of both oxides, previoasly to the 
treatment with hydrocyanic acid and potasaa, have 
been dried and reduced to metal by igniting it in a 
current of hydrogen (and the metal weighed), the 
amount of cobalt need not now be determined directly. 

If this be not the case, the solution which still con- 
tains the cobalt is carefully neutralized with nitric 
acid, and solution of nitrate of suboxide of mercury, 
as neutral as possible, added, as long as it produces a 
white precipitate of cobalticyanide of mercury. Afler 
being washed and dried, the precipitate is ignited with 
access of air, when it is converted into black oxide of 
cobalt, which, after being weighed, must be reduced ' 
by strong ignition in a current of hydrogen, on account 
of its amount of oxygen varying according to the tem- 
perature. 

When the nickel-speiss contains lead and sulphur, 
the same method is used which has been given for the 
analysis of tetrahedrite, where the compound is decom- 
posed by heating it in a current of dry chlorine gas. 

Another good method of separation of nickel from 
cobalt is the following : the solution of both oxides is 
made as concentrated as possible, and neutralized with 
potasaa, mixed with a concentrated solution of nitrite 
of potassa, acidified with acetic acid and allowed to 
stand for twenty -four hours. The yellow precipitate of 
nitrite of sesquioxide of cobalt and potassa (Co,0„ 
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3 KO, 5 NO, HO) is filtered, washed with a solotion of 
cbloride of potaBsium, diBBolred in hydrochloric acid 
and the protoxide of cobalt precipitated by caustic 
potassa. Protoxide of nickel may be precipitated 
from the filtered solution in the same manner. 

If nickel is to be precipitated from a Bolution by 
tneaoa of salphide of ammonium, it is not complete, 
leaving sulphide of nickel undissolved, giving a brown 
color, if the sulphide of ammonium does not contain, 
by means of oxidation, a higher sulphide. 

The best method is to saturate the nickel solution 
with sulphuretted hydrogen, and drive off so much 
ammonia that the solution is feebly alkaline. Then 
filter as quickly as possible, and wash the precipitate 
with water containing sulphuretted hydrogen. 



66. 8UALT1TB. 
Speiaa Cobalt.* 
(Co, Fe, Ni) As,. 

The analysis and the preparation of pure cobalt can 
be effected by the same process as the analysis of cop- 
per-nickel and the preparation of pure nickel. 

Since the arsenide of cobalt contains upwards of 70 
per cent, of arsenic, it is advisable to remove a great 

Kortioh by first fusing it with common salt, and after- 
ards roasting or fusing it with a mixture of soda and 
sulphur. 

It may be separated from nickel by nitrite of potassa. 
For the preparation of fused metallic cobalt, the yellow 
precipitate is dissolved in the smallest possible quan- 
tity of hydrocblorio acid, the solution mixed with 

" Arsenide of oobalt, wilb Bnisll qnaiititles of aickel, iron, and 



:,q,t,=cdbvGoOglc '-~- 



104 COBALTITB. 

iicetate of soda, and tbe pale rose-red oxide of cobalt 
precipitated by a hot saturated solution of oxalic acid. 
The yellow salt may also be changed directly to an 
oxalate by boiling with oxalic acid. After it is 
washed and dried, it is placed in an unglazed porcelain 
crucible, standing in a Hessian crucible, pressed ia 
firmly, both crucibles covered and luted, and then 
placed in a strong blast or furnace £re. 

The cobalt may also be separated from the nickel, 
if the solution mixed with hydrochloric acid is con- 
siderably concentrated by evaporation, mixed with 
sal-ammoniac and ammonia in excess, and the brown 
solution allowed to stand exposed to the air until it 
has acquired a fine purple tint. If it be now saturated 
with hydrochloric acid and heated to boiling, tbe 
greater portion of tbe cobalt separates in the form of 
a carmine crystalline powder, which appears to be 
5NH,+C0(Clj, and when ignited leaves protoohloride 
of cobalt. 

If dissolved in boiling dilute hydrochloric acid, this 
compound crystallizes in dark red octahedral crystals. 
Heated alone blue chloride of cobalt is formed, in 
hydrogen gas, metallic cobalt. 



67. COBALTITB. 
CoSj+CoAs,. ^ 

I. The finely-powered mineral ia decomposed h^^ 
beating it in a current of dry chlorine-gas, as in the 
analysis of tetrahedrite, when the cobalt remains be- 
hind in the form of protoohloride, whilst arsenic and 
sulphur are obtained as acids, dissolved in the water 
of the receiver. The protochloride of cobalt can then 
immediately be reduced to metal, in the same tube, by 
beating it in hydrogen, and weighed, if the determiua- 
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tion of tbe small amount of iron contained ia it be 
negleoted ; or it is dissolved in water aoidulated with 
hydrochloric acid, and the solution precipitated at a 
boiling heat by caustic potassa. The small amounts 
of nickel and iron contained in the oxide of cobalt 
are then determined as in No. 66. 

The sulphuric acid is determined by means of chlo- 
ride of barium, and the excess of baryta removed by 
sulphuric acid. The filtered solution is concentrate)) 
by evaporation, and the arsenic acid precipitated by 
sulphate of magnesia and ammonia as in No. 65. 

II. The mineral is dissolved in concentrated hydro- 
chloric acid, with gradual addition of nitric acid, until 
it is completely dissolved, or the undissolved sulphur 
is left behind with a fine yellow tint. The latter is 
then collected on a weighed filter, dried at 100° and 
weighed. 

From the solution the sulphuric acid is precipitated 
by chloride of barium, and the amount of sulphur 
calcnlattd from the precipitate, ia added to that directly 
determined. 

The excess of baryta is removed from the solution 
by sulphuric acid. 

The filtrate ia mixed with sulphurous acid, allowed 
to stand for twenty-four hoars, then heated to boiling 
until the excess ofsulphuronsacid is completely driven 
off, and when cooled down to about 50°, saturated with 
sulphuretted hydrogen. Thus saturated, it is left to 
stand for twenty-four houiB, the sulphuretted hydrogen 
removed by gentle evaporation, and the sulphide of 
arsenic collected oq a weighed filter and dried at 100°. 
It is then treated as in Ko. 52. 

The solution of cobalt filtered from this precipitate 
ia heated to boiling, mixed with a little chlorate of 
potassa, in order to bring the iron to a higher state of 
oxidation, carefully neutralized with carbonate of soda, 
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acetateof soda added and heated to boiling, which pre- 
cipitates the iron free from cobalt,* 
* The protoxide of cobalt is precipitated from the fil- 
tered solutioa at a boiling heat by means of caustic 
Boda, washed with hot water, ignited, and reduced in 
a current of hydrogen at as high a temperature as 
possible. When moistened with water after being 
weighed, the metal must not exhibit an alkaline reac- 
tion. Any nickel present may be determined as in 
No. 65. 

III. The mineral is fused with carbonate of soda 
and saltpetre as in the analysis of copper-nickel. No. 
65, The mass ia then treated with warm water, and 
the black oxide of cobalt filtered off. The solution is 
slightly acidified with hydrochloric acid and the sul- 
phuric acid precipitated by chloride of barium. After 
the excess of baryta has been removed by sulphuric 
acid, the solution is concentrated by evaporation, mixed 
with sal-ammoniac and sulphate of magnesia, and the 
arsenic acid precipitated by ammonia. • 

The oxide of cobalt is dried, the filter incinerated, 
the ash added to the oxide, and the vhole dissolved in 
concentrated hydrochloric acid. The aesquioxide of 
iron ia then precipitated, by means of succinate of soda, 
from the dilute solution, after carefully neutralizing 
with carbonate of soda, and the cobalt and nickel 
separated as above. 

The aesquioxide of iron cannot be precipitated, in 
this case, by carbonate of baryta, because some oxide 
of cobalt is precipitated at the same time ; neither does 
the precipitation by an excess of ammonia lead to 
exact resnlts,on account of some oxide of cobalt remain- 
ing combined with the aesquioxide of iron. 

An approximate separation of both oxides may also 
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be effected by nentralizmg tbe solution with ammonia, 
precipitatiiig both metala by sulphide of ammonium, 
aod then adding a slight excess of dilute hydrochlorio 
acid, when sulphide of iron is dissolved and sulphide 
of cobalt is left UDdisBOlved. 

Or both oxides are precipitated by caustic potassa, 
the precipitate washed, removed from the filter, and 
the latter carefully cleansed with water from the wash- 
ing-bottle ; the mass is then mixed with a slight excess 
of powdered oxalic acid, when the oxide of cobalt is 
converted into rose-colored, insoluble oxalate, whilst 
the sesquioxide of iron is dissolved. After twenty-four 
hours the former is collected on a weighed filter, washed 
with cold water, dried at 100°, and a weighed portion 
of it ignited in a glass tube, one end of which is sealed, 
whilst the other is drawn out into a point; by this pro- 
cess the oxalate of cobalt is reduced to metal. Whilst 
the tube is still red-hot the point is sealed with the 
blow-pipe, and the tube weighed when cold. 



68. MANGANESE AND COBALT, OB NICKEL.* 

For the merely approximate separation, the oxides 
are precipitated by carbonate of soda, the precipitate 
dissolved in an excess of acetic acid and the cobalt or 
nickel precipitated from the solution by sulphuretted 
hydrogen, when manganese remains dissolved. The 
solution of the chlorides or of the sulphates may also 
be mixed with acetate of soda, and the nickel or cobalt 
precipifeted by sulphuretted hydrogen. 

Or the solution Is mixed with considerable chloride 

* Blaok oobsll-ore (eartbj ore of oobsU) Is a compound at prot- 
oilds of oobftU with blnoiide of manganese. Hortiover, almost 
«Tei7 varixtr of mangaDage-ora oontaiaB Bmsil qnantitlsa of cobalt 
for the detection of irhicli tlie reaidaes of the preparation of olilo- 
ilue utaj be tuod. 
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of ammonium, saturated with ammonia, and the msa- 
gaaese precipitated by phosphate of soda. After igni* 
tion the precipitate consiata of 2MqO, PO^ 

A more accurate, but still not absolute separation, 
may be effected by neutralizing the solution of the 
ohloridea with ammonia, precipitating the metals by 
sulphide of ammonium, and mixing the solution with 
an Gxceas of very dilute hydroohloric acid, when the 
sulphide of manganese is dissolved with great facility, 
whilst the sulphides of nickel or cobalt remain undis- 
solved. 

This method of separation is perfectly exact if the 
ealphides be used which were formed at a high tempe- 
rature. The oxides are precipitated at a boiling heat 
by carbonate or hydrate of soda, the precipitate ignited 
and weighed, and then heated to dull redness in a cur- 
rent of sulphuretted hydrogen, in a porcelain boat, 
placed in a porcelain tube. When cold, the porcelain 
boat is put into very dilute hydrochloric acid, which 
dissolves the manganese only, and leaves the sulphide 
of cobalt or nickel behind. The conversion of the 
oxides into sulphides may likewise be effected by 
i'using them in a porcelain crucible with 3 times thdr 
weight of carbonate of soda and as much aulphur, 
afler which the mass is treated with dilute hydroohloric 
acid. 

Or nitrite of potaasa is added to the concentrated 
solution of the three metals, which precipitates the 
cobalt as in No. 65. Acetate of soda is added to the 
filtered solution, and chlorine gas passed into it, when 
all the manganese is precipitated as superoxid«. The 
nickel and iron remain in solution, but the cobalt is 
precipitated with the manganese. 
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69. METEORIC IRON. 



Iron of meteoric origin can be recognized by the 
followiag peculiarities : — 

I. Some meteorie iron contains olivine, which may 
be detected by the eye, also gold-colored sulphuret of 
iron. 

II. In certain kinds, especially on the oxidized sur- 
face, yellowish, pliable laminse of a metallic lustre may 
be observed; they are phosphide of nii^cel and iron 
(Schreibersite). 

III. Some kinds are passive, t. e., they do not reduce 
copper from a solution of neutral sulphate of copper. 

IV. If a freshly filed, ground and polished surface 
be immersed for five or ten minutes in dilute nitric 
acid, peculiar, mostly crystalline delineations (Wid- 
mannstatten's figures), or microscopic parallel lines 
or bright points, make their appearance in most kinds, 
thus imparting to the surface a peculiar lustre when 
viewed in a certain direction, 

V. All meteoric iron, when dissolved in hydrochloric 
acid, leaves a black, pulverulent residue, whilst in most 
cases a trace of sulphuretted hydrogen is developed, 
derived from an admixture of sulphide of iron. On 
examining this residue (previously washed and dried) 
under a magnifying power of from 50 to 100, in most 
cases crystalline particles of metallic lustre, and fre- 

■ quently also well-defined magnetic prisms of metallic 
lustre, are observed, consisting of phosphide of iron, 
phosphide of iron and nickel, and sometimes also 
chrome-iron and graphite ; in addition to these also 
transparent, partly colorless, partly colored grains of 
quartz, olivine and other minerals. 

VI. Every specimen of iron of undoubted meteoric 
origin contains as characteristic constituents, nickel, 
cobalt and phosphide of iron and nickel. The amount 
of nickel varies between 2 and 20 per cent. ; the cobalt 
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rarely amounts to 1 per ceat^ and the insoluble residue 
usually amounts to it per ceut. 

In order to detect toe oickel, tbe hydrocbloric solu- 
tion is first satunited with sulphuretted hydrogeo in 
order to precipitate traces of copper and tin, which 
occasionatly oecur ; the protochloride of iron is then 
converted into sesgui chloride by heating the solution 
nearly to boiling, and adding arnall quantities of chlo- 
rate of potassa. The solution is then mixed with an 
excess of anwionia, when all the sesquioxide of iron 
is precipitated, whilst most of the nickel remains dis- 
solved. When the amount of niokel is rather large, 
the filtered liquor is more or iess blue. Sulphide of 
ammonium precipitates from it black sulphide of nickel. 

Or the solution is neutralized with carbonate of soda, 
acetate of soda added and boiled, when the iron with 
only a trace of nickel ia precipitated; the nickel and 
cobalt remain in solution. 

In order to detect the phosphoric acid contained in 
the sesquioxide of iron, it is dried and ignited with an 
equal weight of carbonate of potassa and soda, and 
the alkaline phosphates extracted with water. The 
solution is then supersaturated with acid and the phos- 
phoric acid precipitated by ammonia and sulphate of 
magnesia. 

In order to obtain the amount of phosphorus con- 
tained in the black residue left on dissolving meteoric 
iron in hydrochloric acid, it is finely powdered, mixed 
with about half its weight of nitrate of potassa and 
then with an equal weight of carbonate of soda, and 
ignited ; the mass is then extracted with water and 
treated as above. The oxidized residue is dissolved 
in hydrochloric acid and the nickel detected as above. 

In quantitative analyses the iron is separated from 
the nickel and cobalt, either by succinate of ammonia, 
or by carbonate of baryta, see No. 25. The phosphoric 
acid is contained in both precipitates. Cobalt and 
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nickel are separated by cyanide of potassium as in 
No. 65. 



70. THE PLATINUM METALS AND ORE. 

1. Plati.num, — Only fusible in ihe oxyhydrogen 
flame. Density when fused is 21.15. Free from iri- 
dium it is very soft and malleable. Soluble in aqua 
regia. The reddi.sh-yellow solution gives with the 
salts of ammonium and potassium a crystalline lemon 
yellow precipitate, NH,Cl + PtCl, andKCl + PtOL 
The former ignited forms a gray platinum sponge, and 
the latter, fused with common salt, crystallized platinum. 

2. Palladium, — In color, lustre, and malleability, 
similar to platinum. Difficultly fusible, but more 
easily than platinum. Density 11.8. Heated in the 
air it is colored steel-gray, and in the flame of a gas 
burner becomes rusty, and uniting with carbon becomes 
brittle. Soluble in cold nitnc acid without disengage- 
ment of gas. Its oxides are Pd,0, PdO, and PdO,; 
they are black and reduced without a flux. 

-In aqua regia it gives a dark-brown solution of per- 
chloride. By evaporation it becomes a dark-brown 
deliquescent protochloride Pd CI. Iodide of potassium 
added to this solution forms a black iodide of palladium, 
Pdl, and cyanide of mercury a yellowish-white cyanide 
of palladium PdCy. 

Ammonia throws down a flesb-red crystalline precipi- 
tate PdCl-t-NH„ forming a colorless solution if an 
excess of ammonia is added. Hydrochloric acid gives 
in this solution a lemon-yeilow crystalline precipitate 
"N. PdH,+ CI. which leaves, after ignition, the gray 
metal, Tf one and a half times tiie weight of the metal 
of chloride of potassium be added to the solution of 
palladium in aqua regia, and evaporated to dryness, a 
dark red crystalline Pd Clj-^KCl is formed, insoluble 
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in alcohol, scarcely soluble in water, a means by 
which the commercial pailadium, iron, and copper may 
be separated. 

3. Iridium. — More fusible than platinum. Specific 
gravity s= 21.15. In its isolated form it is unacted on 
by any of the acids, or by aqua regia, unless alloyed 
with platinum. To obtain the metal in the separate 
state the powdered alloy is intimately mixed with an 
equal weight of finely powdered chloride of sodium, 
and the mixture heated to dull redness in a glass tube 
through which a current of dry ehlorine is passed so 
long as it is absorbed. The resulting dark-red solu- 
tion of double chlorides gives, with chlorides of am- 
monium and potassium in a hot solution, a black pre- 
cipitate of NH.Cl-t-IrClj, or KCl-HlrCl,. 

If the metal is fused with nitrate of potassa at a 
strong red heat, or with caustic potassa and chlorate 
of potassa, it is converted into a black sesquioxide, 
mixed with potassa. The pulverized metal heated to 
redness oxidizes in the air. 

4, Hhodium. — More infusible than platinum. After 
fusion it has a specific gravity 12.1. Malleable. If 
heated to redness in the form of a powder in the air, 
it oxidizes. Insoluble in aqua regia. It is obtained 
OS a soluble double salt if gently ignited in a stream 
of chlorine, if pulverized and mixed with chloride of 
potassium, or chloride of sodium. Both double salts 
(2KCl+RiClj) are easily soluble in water, also the 
ammonium salt. They are insoluble in alcohol. They 

■ form dark-red crystals. Potassa added to their solu- 
tions, and then alcohol, a black precipitate of rhodium 
is formed. The pulverized metal fused for some time 
with a large excess of bisulphate of potassa, and until 
the free acid is driven off, forms a mass soluble in 
■water. If chloride of potassium and hydrochloric 
acid are added to this solution and evaporated, it be- 
comes rose-red. 
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5. Rdthknium. — Still more infusible than the pre- 
ceding metals. Sp. gr,™ll.S, Brittle, Pulveriaod and 
heated in the air it ia oxidized, fused with hydrate of 
potassa aDd saltpetre or chlorate of potassa. it forme 
nithenite of potassa, KO, Bu 0,, forming with water 
a yellow solution. Neutralize this solution with nitric 
acid, and a black sesquioxide is thrown down, which 
is easily reduced in hydrogen gas. The double chlo- 
ride of ruthenium and potassium, KCl + Ru CI, is easily 
soluble in water, but insoluble in alcohol. The red 
solution is not precipitated by potassa and alcohol in 
the cold. If a stream of chlorine gas is conducted into 
a solution of rutbenite of potassa ruthenic acid is ob- 
tained, which is very volatile, of a yellow color, with 
a strong odor, difficultly soluble in water, and soon 
changing to black. , 

6. Osmium. — This metal alone is infusible in the 
strongest oxyhydrogen flame, but forms a bluish me- 
tallic mass with sp. gr.= 21.4. It volatilizes at the 
highest temperature. It is obtained with all these 
properties, if sulphide of osmium is heated in a strong 
coke fire, in a close covered graphite crucible. It may 
be prepared in the crystalline form by fusing the pul- 
verized osmium with si."i or eight times its weight of 
tin in a graphite crucible, slowly cooled, and the tin 
dissolved by hydrochloric acid. Or it is obtained as 
a bluish-black powder mass, when chloride of ammo- 
nium is added to a solution of osmiate of potassa or 
ammonia, evaporated to dryness, and the mass heated 
in a porcelain retort until the chloride of ammonium 
begins to volatilize ; heating this witli water, the osmium 
remains. 

The smallest quantity of osmium on platinum foil, 
held in the flame of a spirit lamp, becomes brilliant, 
nn<^ imparts the characteristic odor of osmic acid. 
Osmium, heated in a slow stream of oxygen, forms 
osmic acid. It is also formed by oxidizing with nitric 
lU* 
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acid. It is very volatile, condenses in colorless crys- 
tals, soluble in water, with a very pungent odor ex- 
tremely irritating and deleterious to the eyes and 
organs of respiration. If passed in the vapor form 
with hydrogen through a glass tube heated to redness, 
it IB reduced to a mirror of metallic osmium. The 
solution heated with sulphurous acid becomes violet. 
Potassa precipitates a black oxide containing potassa, 
and easily reduced by hydrog^. The solution be- 
comes yellow with potassa and ammonia. The osmiate 
of potassa is deep yellow crystalline. Its solution 
mixed with alcohol precipitates dark red crystalline 
osmite of potassa KO, Os O., If chloride of ammo- 
nium is added to this last solution, a pale yellow crys- 
talline salt of ammonium and osmium is precipitated, 
which, after it is ignited in a current of hydrogen, 
leaves metallic osmium. 

Both the chlorides of osmium are volatile. The 
protochloride, Os CI, is green, the bichloride, Oa Cl^ is 
dark red. The double chloride, KCl-fOsClj, forms 
dark-brown octahedrons, giving a yellow solution in 
water. 

PLATINUM ORE. 

(Platinum with small quantities of Iridium, Palla- 
dium, Rhodium, Osmium, Ruthenium, Iron and Copper.) 

The commercial platinum ore usually contains grains 
of sand, of osmium, iridium, and often of gold. In 
order to find the latter the mass is digested in rather 
dilute aqua-regia, until scales of gold are no longer 
visible. The solution is then poured off from the 
undissolved platinum, freed from nitric acid by eva- 
poration, diluted, oxalic acid added, and the gold pre- 
cipitated by means of heat. It is washed, ignited^ and 
weighed. 

The sand is determined in the following manner: 
A small quantity of borax is fused in a clay crucible. 
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SO that the sides may be covered with it, then eight 
grains of finely-divided silver are placed ta it, and 
upon this two grains of platinum ore, which is covered 
with about ten grains of fused borax. The mixture is 
kept in a state of fusion for some time at a'temperature 
sufficient to melt the silver. After cooling the regulus 
is freed from slag and weighed. All the sand is taken 
up by the slag and the metal by the silver. 

For analysis, ten grammes of the grains of real plati- 
num are picked out and dissolved at a boiling heat, in 
a mixture of five parts of fuming hydrochloric acid and 
one part of fuming nitric acid, in a retort connected 
with a receiver which is to be kept perfectly cold. 

Fig. 14. 



The acid is distilled off until the contents of the retort 
have acquired the consistence of a syrup. The mass 
becomes solid on cooling; it is then dissolved in a 
small quantity of water and the clear sol ution carefully 
poured off from the residue. The acid which was dis- 
tilled over contains osmic acid, and is colored yellow 
by a portion of the solution which was mechanically 
carried over ; it is poured back on the residue and 
again distilled, in order to complete the solution. 

The distillate containing osmic acid may be saturated 

with ammonia and the osmium separated as in No. 71. 

Or it is nearly saturated with hydrate of lime, mixed 

with an alkaline formate and boiled, when the osmium 

~is reduced as a bluish-black powder, which is ignited 
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in a current or hydrogen when the osmium is obtained 
in the metallic state, and weighed. 

The platinum-aolutioD is filtered off from the insolu- 
ble residue, which ia collected on a weighed filter and 
washe<l. It consists of irtd-osmioe, and is farther 
treated as in No. 71. 

The solution is evaporated to dryness, the mass 
heated to 150" in order to convert the chloride of 
iridium into sesquichloride. It is then dissolved in a 
little water oontaining a few drops of hydrochloric 
acid, mixed with a concentrated solution of chloride 
of ammonium, the precipitate filtered oKj washed with 
a solution of chloride of ammonium, and then with 
alcohol. The double salt, when dried, is ignited with 
the filter, a few crystals of oxalic acid being placed in 
the crucible to facilitate the reduction. 

The platinum aud iridium thus obtained'are weighed, 
ngain dissolved in dilute aqua-regia, and the iridium 
which remains filtered oft) washed, and ignited in a 
stream of hydrogen. 

The filtrate from which the double chloride of plati- 
num and ammonium was precipitated, is concentrated 
by ewporatioh, boiled with concentrated nitric acid 
to decompose the chloride of ammonium, saturated 
with chlorine gas until the solution of chloride of 
iridium has a brownish-red color. It ia then com- 
pletely evaporated to dryness on a water-bath, the mass 
pulverized and treated with alcohol of 80 per cent,, 
filtered- and washed with alcohol until it flows through 
colorless. This solution contains all the iron and cup- 
per which are determined by themselves. 

The insoluble salt, which contains besides the os- 
mium and ruthenium, all the platinum metals, is washed 
with a weak solution of chloride of ammonium until 
the reddish solution b<!comes colorless. This solution 
conttiins all the rhodium and palladium. It is evapo- 
rated lo dryness, ignited in a covered platinum crucible. 
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and the metal reduced in a current of hydrogen. The 
weighed metal ia digested with dilute aqua-regia, the 
solution which coataina all the palladium with a little 
rhodium, evaporated to dryness, a few drops of caustic 
potassa added, and the palladium precipitated by a 
saturated solutioQ of cyanide of mercury. The pre- 
cipitate is washed, dried, ignited in a stream of- hydro- 
gen, and weighed as metallic palladium. 

The solution which contains the rhodium, is made 
slightly alkaline with soda, evaporated to dryness, the 
mass ignited to drive off the mercury and treated with 
water. The oxide of rhodiam which remains undis- 
solved is added to that left from the solution of the 
palladium and ignited in hydrogen gas. 

The portion of the salt which contained the platinum 
and iridium, and which remained insoluble in the 
chloride of ammonium, is digested with a weak solu- 
tion of cyanide of potassium added gradually, until the 
color has changed to a light yellowish-brown, and is 
converted into a doable salt of chloroplatinate of po- 
tassium and ammonium, which is washed with a so- 
lution of chloride of ammonium. By dissolving in 
boiling water it is obtained in dark yellow octahedral 
crystals. It is ignited, placing in the crucible near 
the close of the operation some crystals of oxalic acid,- 
and the chloride of potassium extracted with water. 

The filtrate which contains the iridium is evaporated 
to dryness, ignited to drive off the chloride of ammo- 
nium, and finally fused with some nitrate of potassa. 
The seaquioxide of iridium oontaining the alkali 
which remained insoluble when treated with water, 
is well washed, reduced by hydrogen, and the alkali 
extracted with water. 
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71. IRIUOSMINE AND PLATINUM BEaiUUES. 

I. IridosmineOGciirB in small scales and mostly steel 
colored, extremely hard, and of sp.gr. 18 to 20. It is 
contained entirely in the residue in the solution of 
platinum, mostly in the form of very fine plates. Its 
composition is variable. Besides the two principal 
metals, it contains more or less rhodium and rutheninm, 
with small quantities of platinum, copper, and iron. 
It is insoluble in aqua regia. 

The osmium may be extracted for the most part 
from the variety made up of very fine grains* or pow- 
der by roasting. The ore is placed in a porcelain tuba 
heated to redness, and a slow stream of air or oxygen 
gas passed over it. The end of the porcelain tube 
passes into a well-cooled receiver, from which the 
osmic acid is conducted into a solution of caustic 
potassa. 

The fine pulverulent variety is mixed with an equal 
weight of common salt, and a stream of moist chlorine 
passed over it, in a porcelain tube heated to redness, 
and then treated as in No. 71, II. 

In order to pulverize the coarse grained kind, it la 
fused with six times its weight of pure zinc, in a cru- 
cible placed in a second crucible and surrounded by 
charcoal powder, well covered and heated to redness 
for half an hour and to a white heal for two hours 
until all the ainc is volatilized. The iridosmine is left 
in the form of a glistening friable sponge. 

From this sponge the osmium may be volatilized by 

* A Bpeoies In form of a vrry hear; gray salt, an-l probtiblf ob- 
taiiied rroiu the dreading of the gold naitdi of Califomlii, contains 
Btill innru gold and niach oUloride of silver, whieli mail be uk- 
trauted !>; i^oncHiitraled ammonia before it iti maite nse of. 

Speoiea containing Hand mast be pnriSud by fusing with carbo- 
nate of Bodu and treating the mass with iratur. 
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beating in the oxyhydrogen flame, the iridium contain- 
ing ruthenium and rhodium will be fuaed. 

The pulverulent iridosmine ia easily separated by 
fusing in a silver crucible with caustic potassa and 
chlorate of potassa. It is heated carefully in the be- 
ginning on account of the frothing, but finally to red- 
ness. The mass is treated with water, until dissolved, 
and then left in a high closed vessel until it has settled 
clear. The deep yellow solution of osmiate and ru- 
theniate of potassa are drawn off clear by means of a 
syphon, and the black residue, consisting of oxides of 
rhodium and iridium treated agais in the same manner 
with vater. From the yellow solution ruthenium is 
precipitated as a black oxide by carefully neutralizing 
with nitric acid. It ia reduced by means of hydrogen. 

The solution containing osmium is made alkaline 
with potassa, alcohol added and heated, whereby the 
osmium is precipitated as a black oxide containing 
potassa. It is ignited in hydrogen and the potassa 
removed by water. 

The oxide of iridium ia reduced by heating in hydro- 
gen, washed, intimately mixed with an equal weight 
of fused chloride of sodium, and gently ignited in a 
current of chlorine, until the gas passes off unabsorbed 
in excess. The resulting double chloride is dissolved in 
water, the solution concentrated and mixed with an ex- 
cess of a hot saturated solution of chloride of potassium, 
when the iridium is precipitated as a black crystalline 
double chloride. It is then washed with a saturated 
solution of chloride of potassium. (It may also eon- 
tain some of the ruthenium salt precipitated at the 
same time. In order to extract this the metal is fused 
with caustic and chlorate of potassa.) 

The solution which contains the rhodium and the 
ruthenium ia concentrated, formate of soda added a«d 
boiled, when all the rhodium ia precipitated. The 
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filtrate is acidified with hydrochloric acid, and the 
ruthenium precipitated by pure zioc. 

The following method may be used for the analysia 
of iridoamine. Two grains of the subatance, in a fine 
powder, are intimately mixed with six grains of per- 
oxide of barium and two of nitrate of baryta* inaclose 
covered silver crucible, and heated to redness for about 
two hours. The unfused mass is taken from the cru- 
cible, treated with water, and hydrochloric acid added 
until it dissolves. It is then mixed with nitric acid, 
and gently boiled until the smell of osmio acid is no 
longer perceptible.t It is then carefully evaporated 
to dryness, dissolved in hot water, the liquid decanted 
from the iridosmiue, which has been somewhat acted 
upon. 

The baryta in the solution is precipitated by sulphu- 
ric acid, and after it has completely settled, and the 
liquid become clear, it is filtered. 

About eight grammes of pure chloride of ammonium 
are mixed with the yellowish-red solution, evaporated 
to dryness, and a small quantity of chloride of ammo- 
Dium mixed with alcohol added to the mass, the salt 
of iridium filtered off, washed as at first, with a solu- 
tion of chloride of ammonium, then with weak and 
afterwards strong alcohol. The dried salt, together 
with the filter, is placed in a covered platinum cru- 
cible ^nd very gradually and carefully heated to red- 
ness, the filter then thoroughly burned, and the metal 
reduced by conducting hydrogen gas into the crucible 
or holding a piece of carbonate of ammonia in it 
while heated. 

* Theae tiro prodncta should be very acoDrataljr wslgbed, in 
order to determine beforebiind the ezsot qDAtititj of BolphnroaB 
Boid neoeasary to precipitate the baryta. The nitrfttfl of baryta 
mast be decrepitated. 

1 The osQiic acid maj bs driven off in a retort and absorbed by 
a Bolution of ammouia. 
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The rutheQium is combined with the iridium. They 
are separated, as already stated, by fusing with caustic 
and chlorate of potassa. 

The rhodium is contained in the remaining solution 
of chloride of ammonium. It is heated, with a large 
excess of nitric acid, evaporated to a small quantity, 
placed in a weighed porcelain crucible, evaporated to 
dryness, and the salt, heated to redness, is reduced by 
conducting a stream of hydrogen upon it. 

The iron, copper, baryta, and alumina (the last from 
the peroxide of barium) are separated by alternate 
treatment with hydrochloric and nitric acids. 

The solution is neutralized with carbonate of soda, 
and the palladium precipitated by a solution of cyanide 
of mercury. The yellowish-white cyanide of palla- 
dium having settled, it. is filtered off, washed, and ig- 
nited, when metallic palladium is left behind. 

The filtered solution is boiled with hydrochloric acid 
until it has assumed a red tint, and the hydrated oxide 
of rhodium is then precipitated by caustic potassa. By 
ignition in hydrogen _it is reduced to the metallic state. 

From the solution which contains the rhodium and 
palladium both metals may also be precipitated by 
pure zinc, with the addition of hydrochloric acid, the 
precipitate washed, and the palladium extracted by 
nitric acid, in which the rhodium is insoluble. 

If the rhodium be not reduced by formic acid, the 
solution obtained with bisulphate of potassa might also 
be mixed with formate of soda and boiled, when pal- 
ladium is separated in the metallic state. If both be 
reduced, the palladium could be extracted from the 
mixture by means of nitric acid. 

ir. PLATINUM.RB3IDUBS. 

There are two kinds. The kind A is that which 
remains insoluble when large quantities of platinum 
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ore are diBsolved ; the kind B ia obtained as a precipi- 
tate by iroD in the last mother liquor from the prepa- 
ration of platinum. 

A. This residue ia formed of grains and scales of irid- 
osmine, together with pulverulent iridium with very 
small quantities of palladium, rhodium, and platinum, 
mixed with titauio iron, chromic iron, and sand. These 
last three sometimes amount to 70 or SO per cent., and 
also contain traces of chlorides of silver and gold. To 
extract the precious metals a variety of methods are 
employed. 

The coarse granular kind is broken and ground as 
finely as possible, to reduce the grains of the iron ores 
to powder. It is then levigated with water, when most 
of the irid-osmine is separated in larger grains and 
scales. 

1. The levigated black powder is intimately mixed 
with about its own bulk of decrepitated and finely- 
powdered chloride of sodium, the mixture introduced 
into a porcelain or glass tube, and gently ignited in a 
slow current of undried chlorine-gas until the latter 
commences to pass through the tube unabsorbed. 

The other end of the tube dips into a well cooled, 
tubulated receiver from the tubulure of which a gaa- 
tube conducts the excess of chlorine into milk of lime. 

By this process sodio-cblorides of iridium and of 
osmium are formed. The greater portion of the latter 
is decomposed by the moisture of the chlorine-gas, and 
the osmic acid formed from it partly sublimes in the 
receiver, and is partly conducted into the hydrate of 
lime. 

The residue in the tube, when cold, is treated with 
water, and is at last washed with hot water. 

The dark yellowish-red solution of iridium filtered 
off from the iron ore is mixed with concentrated nitric 
acid and distilled, when osmic acid passes over, dis- 
solved in water. The liquid thus very much concen- 
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traled, is, wliilat still hot, mixed with a saturnte<l hoIu- 
tion of chloride of potassium, when, on cooling, a great 
portion of the iridium separates in the form of crystal- 
line black chloride of iridium and potassium, which is 
filtered off and several times washed with solutioa of 
chloride of potassium. 

The remaining solution is mixed with crystallized 
carbonate of aoda in excess, evaporated to dryness, the 
mass gently ignited in a crucible, and when cold 
washedwithhot water, which uaually acquires a yellow 
color, owing to the presence of an alkaline chromate. 

The black powder which is left undissolved, consists 
of a compound of sesquioxide of iridium with soda, 
contaminated with sesquioxide of iron. It is reduced 
by being gently heated in a current of hydrogen. 
Water then extracts caustic soda, and the iron is 
removed by digestion with hydrochloric acid. On 
digesting it, after this treatment, with some very dilute 
nilro-hydrochloric acid, a small amount of platinum is 
usually extracted, which may then be precipitated 
with chloride of ammonium. 

The iridium in the first solution may be precipitated 
by chloride of ammonium instead of chloride of potas- 
sium. When the black perchloride of iridium and am- 
monium is washed withasolutionof chloride of ammo- 
nium, and then digeste<l with a solution of cyanide of 
potassium, it is completely dissolved if it is free from 
platinum, as a p rot ochlo ride. If it contains platinum, 
there remains undissolved a light brown residue, soluble 
in hot water, which crystallizes in dark yellow octa- 
hedrons. This salt has the composition expressed by 
the formula (NH^ K) CI + Ft CI,. 

Or the chloride of iridium and ammonium or potas- 
sium is melted in a porcelain crucible with one and a 
half times its weight of cyanide of potassium, the^mass 
di^olved in a little water, filtered, aft- excess of acetic 
acid added to decompose the free cyanide of potassium, 
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beated to boiling (whereby red sesqui-cyanide of rlio- 
diam may be precipitated^ and the platinum precipi- 
tated by sulphate of copper. The violet precipitate, 
a mixture of double cyanide of platinum and copper, 
and of double cyanide of iridium and copper, is washed 
with hot water and then boiled with caustic baryta. 
The cyanides of platinum and of barium, very solu- 
ble in hot water, but scarcely soluble in cold, may be 
easily separated from the colorless and more soluble 
salts of iridium by crystallization. 

The iridium reduced by hydrogen and freed from 
iron, may coataia ruthenium and rhodium. Toextract 
the first it is fused with caustic potassa and chlorate of 
potassa, and afterwards to extract the latter with bisul- 
phate of potassa, (See No. 70.) 

The sesquioxide of iridium from the metal obtained 
by the calcination of the double chloride of ammonium, 
may be brought to a coherent mass by a strong pres- 
sure, and heating to a white beat; it is then placed in 
a burnt lime crucible, and fused by an oxybydrogen 
jet. 

The metal may be extracted from the osmic acid by 
the process given in No. 70. 

A single treatment of a platinum residue is not 
generally sufficient, but it must be repeated several 
times. 

2. The minerals mixed with the platinum metals 
are separated by fusing the residues with a flux, and 
lead, which dissolves the noble metals. The platinum 
residue is mixed with (not more than 300 or 400 
grms. at a time) an equal weight of granulated lead, 
and one and a half times its weight of litharee, and 
melted in a crucible with a thick bottom, until com- 
pletely fused. It is stirred from time to time with an 
earthenware rod to unite the grains of metal, the cru- 
cible is taken from the fire (before the oxide of lead 
has penetrated it), gently struck a few times and left 
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to cool. Tbe lead button formed is freed from slag, 
and dissolve in moderately strong hot nitric acid. 
Tbe platinum metals remain in the state of a black 
powder, and as grains and scales. They are then 
treated as above. 

In the lead solation which maj contain palladium, 
tbe lead is precipitated by sulphuric acid. It is then 
evaporated to dryness, the mass again dissolved in a 
little water, and the palladium precipitated by cyanide 
of mercury. 

Another good flux for this operation, which attacks 
the crucible leas, ia a mixture of fluorspar and an- 
hydrous gypsum of equal equivalent weights (1 pt. 
CaF, and 1.7 pt. CaO, SoA 1 pt. of platinum residue, 
1 pt. granulated lead, and 2 pts. of flux. 

8. The platinum residue is fused with an equal 
weight of caustic potassa and twice its weight of nitrate 
of potassa, in an iron crucible, finally heated to redness 
with frequent stirring. The mass is poured out, coarsely 
powdered, hot water added, mixed with one-tenth al- 
cohol, and boiled until completely decomposed. By 
this means the o^ate of potassa is changed to osmite, 
the ruthenite of potassa completely decomposed with 
Reparation of black oxide of ruthenium. The washed 
black residue is mixed with the liquid from the coarse 
heavy grains and scales not acted upon, which are 
fused for the second and third time with potassa and 
nitrate of potassa, until at last only oxide of iron re- 
mains. 

The clear alkaline solution from the osmate of 
potassa is drained off by means of a syphon from the 
black residue, and this again washed with hot water 
containing alcohol. The black mass, which still con- 
tains much osmium, is placed in a tubulated retort, 
with a funnel tube, and to this a receiver is placed, 
which, with large quantities, ia united to some Woulfe's 
bottles by large tubes filled with a mixture of alcohol 
11* 
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and solution of caustic potassa. Concentrated hydro- 
chloric acid is gradually poured through the funnel- 
tube, and, after the first reaction has ceased, the distil- 
lation is continued with aid of heat, as long as osmic 
acid passes over. It is then, with very careful man- 
agement on account of the injurious action of the vapor 
upon the respiratory organs and eyes, dissolved in the 
solution of potassa, t^e fluid added to the alkaline so- 
lution obtained after the fusion of the ore with caustic 
potassa and nitrate of potassa, and the whole evapo- 
rated until crystals of red osmate of potassa are 
formed. The rest of the osmium can be precipitated 
in the mother liquor by chloride of ammonium, (See 
No. 70.) 

The dark brownish-red solution in the retort is eva- 
porated to dryness, the mass again dissolved in hot 
water, and the solution mixed with a hot saturated 
solution of chloride of potassium in large es:oess. The 
iridium, platinum, rhodium, and ruthenium are pre- 
cipitated as double salts insoluble in the solution, and 
washed with a saturated solution of chloride of potas- 
sium. The iron and palladium remain undissolved. 

Residue, B. It is brownish-black, earthy, and rich 
.in rhodium, but containsmuchsilica, alumina, gypsum, 
iron, fic. To separate these impurities it may be fused 
with lead and litharge, or with several times its weight 
of carbonate of soda. In the latter case the mass is 
first washed with hot water, digested with hydrochlo- 
ric acid, and then treated as the other residue. 



■72. THALLIUM. 

I. This element was discovered by Crookes in l8fil, 
in a seleniferous deposit from a sulphuric acid manu- 
factory in the Hartz. The name is derived from eo\\6f. 
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"green," because its exiateuce waa first recognized by 
aa intense green line, appearing in the spectrum of a 
flame in which thallium was volatilized. It was at 
first suspected to be a metalloid, but further examina- 
tion proved it to be a true metal. It waa first obtained 
in a distinct metallic form by Orookes towards the 
end of the year 1861, and about the same time by 
Lamy, who prepared it from a deposit of the lead 
chamber of M. Kuhlmanu, of Lille. 

Thallium is very widely diffused aa a constituent of 
iron and copper pyrites, though it never constitutes 
more than the 4000th part of the bulk of the ores. It 
also occurs in some specimens of blende and calamine, 
sulphide of cadmium, native sulphur; in bismuth, mer- 
cury, and antimony ores, and in the manufactured pro- 
ducts from these. It is also found in some specimens of 
lepidolite and mica, and in certain brines, as those of 
Nauheim, in which it was found associated with chlo- 
rides of caseium aiid rubidium. 

II. The easiest mode of extracting the metal coasists 
in treating the tbaltiferous dust deposited in the flues 
of the sulphuric acid works before they enter the 
chamber, with an equal weight of boiling water, draw- 
ing off the clear liquor, and treating the undissolved ' 
portion again in like manner. The clear liquids are 
next mixed with a large excess of strong hydrochloric 
acid, by which a precipitate of impure chloride of 
thallium is obtained. This is then washed, pressed, 
and decomposed by treating it with an equal weight 
of concentrated sulphuric acid. The acid sulphate of 
thallium thus obtained la dissolved in about 20 parts 
of water, filtered, and again precipitated as tolerably 
pure chloride by the addition of hydrochloric acid in 
excess. The precipitate is washed, pressed, and again 
converted into sulphate by adding about two-thirds 
of its weight of oil of vitriol and heating until all the 
hydrochloric acid is expelled; a dense liquid is thus 
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obtained, vbicli as it cools solidifies to a white moss 
of acid sulphate of thalliam. This is dissolved in about 
ten limes its weight of hot water, filtered, and allowed 
to crystallize. It may be purified by recrystallization, 
and if the solution be decomposed by metallic zinc, 
or by the voltaic battery, pure thallium is abundantly 
and easily obtained. It may be melted in an iron 
crucible heated over a gaa flame, maintaining a current 
of coal gas through the crucible to prevent oxidation. 

Thallium and its compounds are most easily and 
certainly detected by spectral analysis. The spectrum 
is characterized by a single bright green line coinci- 
dent with Ba, >. It is, however, usually perceptible 
for but a moment, and its intensity and duration do 
not safely indicate the amount of thalliuni present in 
sulphides, flue-dust, &c. 

To find thallium in native sulphnr the latter is 
mostly dissolvedby sulphide of carbon, and the residue 
examined as above. In pyrites, flue dust, and sul- 
phuric-acid chamber sediment, it may be usually de- 
tected at once by the spectroscope. The sublimate 
obtained by strongly beating finely pulverized sal- 
phides in a closed glass tube often gives the reaction 
when none can be obtained from the substance itself. 

III. Thallium is a heavy metal resembling lead in 
its physical properties. Its specific gravity is 11.81 
to 11,91. The freshly-cut surface of the metal has a 
bluish-white lustre resembling zinc, which quickly tar- 
nishes in the air, a thin film of oxide being formed. 
It is soft, malleable, and may be pressed into wire, 
though its tenacity is weak. It produces a streak on 
paper like graphite. It melts if heated in oxygen, 
and burns with an intense green flame. It combines 
directly with chlorine, bromine, iodine, sulphur, and 
phosphorus. It is very soluble in nitric and sulphuric 
acids, but the action of hydrochloric is slow even when 
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hot, owing to the insolabilitj of the chloride. It Forms 
alloys with most of the tnetala. 

Thalliam forms two oxides — a protoxide and a 
sesquiozide. Both the oxides dissolve readily in acids, 
forming definite crystal lizable salts, soluble in water ; 
there are also a few insoluble salts obtained by double 
decomposition. 

IT. Detection. 

1. In the dry way. — The most characteristic property 
of thallium is the intense green color which the metal 
or any of its compounda communicates to a colorless 
flame. This color examined in the spectroscope appears 
as one intensely brilliant and sharp green line. The 
spectral reaction is very delicate, the five-millionth part 
of a grain of the sulphate being sufficient to produce 
it. Thallium salts when ignited generally fuse below 
redness, and then volatilize; some of thera, however, 
as the sulphate and phosphate, will stand a bright red 
heat without change : the chlorides, on the other hand, 
distil over with vapor of water. On charcoal before 
the blowpipe they volatilize, giving an intense green 
color to the flame. 

2. In solution. — Salts of the protoxide are for the 
most part colorless, unless the acid itself is colored, . 
They are mostly soluble in water, neutral to test paper, 
and have a alight metallic taste. Their aqueoua solu- 
tion i^ rapidly precipitated in metallic crystals by zinc, 
and slowly by iron. Hydrosulphuric acid added to a 
solution of a protoxide salt containing a weak acid, 
such as carbonic or acetic, separates the whole of the 
metal in the form of a deep brown sulphide ; from 
solutions of the peroxide salts of the stronger acids, 
such as the sulphate or nitrate, hydrosulphuric acid 
precipitates nothing if the acid is m excess, and only 
a small portion of the metal if the solution is neutral. 
Sulphide of ammonium precipitates peroxide salt com- 
pletely, the precipitated sulphide being insoluble in 



:,q,t,=cdbvGoOglc 



ISi) THALLIUM. 

sulphide of ammonium, in caustic alkalies, their car- 
bonates and cyanides, and only slightly soluble in 
acetic acid. Hydrochloric acid and soluble chlorides 
precipitate a-difficultly soluble white chloride; bydro- 
broniie acid and bromides precipitate a white nearly 
insoluble bromide ; and hydriodic acid and iodides an 
insoluble yellow iodide. Alkalies and alkaline car- 
bonates produce no change in salts of the protoxide ; 
phosphate of soda gives a white precipitate, nearly in- 
soluble in ammonia, easily soluble in acids. Cbromate 
of potassa gives a yellow precipitate of chromate of the 
protoxide. Bichloride of platinum precipitates a very 
pale yellow insoluble double salt, 

From these reactions it appears that in examining 
a mixed metallic solution, according to the ordinary 
method of qualitative analysis thallinm will be found 
in the precipitate thrown down by sulphide of ammo- 
nium, together with iron, nickel, manganese, &c. From 
these metals it may be easily separated by precipitat- 
ing with iodide of potassium, or bichloride of platinum, 
or by reduction to the metallic state by zinc. Iodide 
of potassium is — next to the spectral reactions — the 
most delicate of all tests for thallium. 

8. Salts of the sesquioxide are easily distinguished 
from those of protoxide by their behavior with alkalies, 
and with soluble chlorides or bromides. Their solu- 
tions give, with ammonia, and with fixed alkalies and 
their carbonates, a brown, gelatinous precipitate of 
sesquioxide, containing the whole of the thallium. 
Hydrochloric acid and soluble chlorides or bromides 
produce no precipitate in solutions of pure salts of the 
sesquioxide ; but if any protoxide is likewise present 
a sesquichloride or sesquibromide is formed, Chro- 
mate of potassa produces no precipitate, except in a 
solution of sulphate. 

V. Estimation and separation. — Thallium, when it 
Dccura in solution as a salt of the protoxide, is moat 
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conveniently estimated as protiodide. Til, in whioh 
Btate it is obtained by precipitation with iodide of po- 
tassium. The precipitate is quite permanent io tbe 
air, and at tbe temperature of wbicb it is weighed. It 
is bnt very slightly soluble in water, insoluble — or . 
nearly 80 — in saline solutions, alcohol of 92 per cent., 
and aqueous ammonia; but perceptibly soluble in 
water containing free acids or fixed alkalies. On mix- 
ing; ihe hot ammoniacal solution of a protoxide salt with 
iodide of potassium, tbe thallium iodide separates im- 
mediately aa a curdy precipitate, which, after standing 
for several hours, may be collected on a weighed filter, 
and washed with alcohol ; or, if this is inadmissible 
with ammonia, it is then dried at 115°, and weighed — 
it contains 49.10 per cent, thallium. 

Thallium may also be estimated in the form of pro- 
tosulphate, but not quite so exactly as by the method 
just described. The sulphate bears a dull red heat 
without perceptible volatilization, but ia volatilized at 
a bright red heat. Thallium ia very completely pre- 
cipitated from solutions of thallium salts by chloride of 
platinum ; but tbe precipitated chloroplatinate is trou- 
blesome to manage, as it is very finely divided, and is 
apt to run through the filter when washed witii water 
or alcohol. 

In solutions of peroxide salts the thallium may be 
estimated by reducing the peroxide to protoxide salts 
with an alkaline sulphite, and then precipitating with 
iodide of potassium; or by precipitating the thallium 
with ammonia as sesquioxide, and collecting the pre- 
cipitate on a weighed filter. The separation of protox- 
ide from peroxide salts may be effected, at least in the 
case of the chlorides or sulphates, by fi rst precipitating 
the sesquioxide with ammonia, and then throwing 
down tbe remaining portion of thallium from the hot 
dilute filtrate with iodide of potassium. The separa- 
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tion may also be effected by chloride of platinum, 
which precipitates only the protoxide salt. 

The method of precipitation with iodide of potas- 
sium serves also to separate thallium from most other 
metals, the solution being first mixed with an alkaline 
aulphite to insure the reduction of any peroxide salt 
that may be present to the state of protoxide salt. If 
copper is present the iodide of potassium will throw 
down copper as well as thallium iodide ; but by treat- " 
ing the washed precipitate with ammonia, in contact 
with the air, copper will be dissolved out, and 
the thallium will remain as iodide of thallium. The 
separation of copper from thallium may also be effect- 
ed, though not so exactly, by precipitating the copper 
with sulphuretted hydrogen in an acid solution. The 
same method serves also to separate thallium fromlead 
and silver. The precipitated sulphides are apt, how- 
ever, to curry dowu small quantities of sulphide of 
thallium. 

Small quantities of thallium often occur in bismuth 
minerals, and preparations are made from them, espe- 
cially the carbonate. To detect the thallium, the dilute 
solution of the substance is mixed with a slight excess 
of carbonate of soda and a small quantity of cyanide of 
potassium, then gently warmed and filtered. If the 
bismuth compound contained only 1 pt. of thallium in 
100,000, the addition of a few drops of ammonium- 
sulphide will produce a dark-brown precipitate of 
sulphide of thallium, which gradually collects together 
and may be further examined by the spectroscopic 
method. From carbonate of bismuth, thallium may 
be easily dissolved out by digestion with cyanide of 
potassium, less completely with carbonate of soda. 

Volumetric Estimation. 
Thallium may be estimated volumetrically with per- 
manganate of potassa in the same manner as iron. 
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For this purpose it must be in the state of a chloride, 
or .of a protoxide-salt mixed with bydrochloric acid, 
and the solution must not contain more than 1 gramme 
of thallium in 500 c.c. ; the permanganate solution 
must be more dilute than for the estimation of iron. 
The titration of the permanganate may be made with 
pure iron, with thallium, or with a protoxide-salt (the 
alum, for example); 2 at. iron (112 pta.) correspond to 
1 at. thallium (204 pts.), inasmuch as the protocbloride 
HCl is converted by oxidation into a trichloride, HC1„ 
so that 1 at. thallium takes up the same quantity of 
oxygen as 2 at. iron. The solution of the protoxide 
salt, diluted as above mentioned, is mixed with a lew 
drops of hydrochloric and a few drops of sulphurous 
acid, and heated to the boiling-point to expel the 
latter ; then left to cool, and mixed with the perman- 
ganate. 



This metal was discovered in 1863 by Messrs. Refch 
and Bichter, in the zinc blende of Freiberg. It has 
been investigated since that time by Mr. Clement 
Winckler, from whose work we borrow the follow- 
ing:— 

The zinc obtained from the Freiberg blende contains 
0.045 per cent, of indium, as well as small quantities 
of lead, iron, arsenic, and cadmium. It was by the aid 
of ammonia, in which the oxide of indium is entirely 
insoluble, that Reich and Richter separated the indium 
from the zinc. This process, which is excellent, be- 
cause the oxide of indium is insoluble in the ammonia, 
has the inconvenience of being much too expensive, 
on account of the large quantities of the reagent it is 
necessary to employ. 
12 
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I. — Separation of the Indium, 
a. By mkans of Zinc. — The granulated zinc is 
dissolved in dilute sulphuric or hydrochloric acid, 
taking care to leave a small quantity of zinc not dis- 
solved. The solution ia heated to- the boiling point, 
and kept there until no trace of gas is discernible. A 
spongy, metallic substance is obtained in this way, 
consisting mostly of lead, and which contains, also, 
arsenic, iron, cadmium, and all the indium of the ori- 
ginal zinc, if care has been taken to leave in the liquid 
an excess of zinc. It can be shown that all the indium 
ia precipitated by testing the filtered liquid with am- 
monia, adding enough to dissolve the precipitate 
formed, filtering and examining the residue with the 



. By means of Acetate op Soda. — This method 
of separation depends upon the tendency of the indium 
to form basic salts, a property which belongs to it as 
much as to the oxide of iron. It is applicable for so- 
lutions containing indium and chloride of zinc. 

A little sulphuric acid is added to the solution, if 
it does not already contain it. It is then neutralized 
with carbonate of soda until the liquid remains cloudy. 
Acetate of soda is then poured upon it, and boiled for 
some time. A precipitate is thus formed of basic sul- 
phate of indium, together with iron and a little oxide 
of zinc, which is filtered and washed. It is preferable 
to decant it on the filter, the precipitate being gelatin- 
ous, and quickly filling the pores of the filter. 

C. Br THE MEANS OF CaKBONATB OF BaRYTA. 

The oxide is completely precipitated, even when cold, 
from its solution by the carbonate of baryta ; the liquid 
should be acidulated by either nitric or hydrochloric 
acid. It is mixed when cold with carbonate of baryta 
recently precipitated, stirred for some time, and then 
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the misture allowed to stand ; all the indium will be 
precipitated with a little oxide of iron, bat free from 
oxide of zinc 

II. — Purijieation of Indium. 

After having separated by one of the preceding 
methods the oxide of indium from the greater part of 
the zinc, the metal is then purified. Winckler recom- 
menda the use of the precipitate obtained by process a. 

This sponge is dissolved in nitric acid, and the 
greater part of the lead separated by the aid of sul- 
phuric acid. Hydrosulphuric acid is passed into the 
filtrate until the lead, cadmium, arsenic, &c,, are com- 
pletely precipitated. 

The hydrosulphuric acid is driven off by boiling. 
The iron is oxidized by adding chlorate of potaasa and 
precipitated by ammonia. The greater part ,of the 
zinc remains in solution, the precipitate of oxide of 
iron and oxide of indium contain very little of it. 

After washing, the precipitate is dissolved on the 
filter in warm dilute acetic acid, and the whole of the 
indium is precipitated, at the same time a little of the 
iron and zinc by the hydrosulphuric acid. 

It is very difficult to separate all the iron and the 
zinc, even by repeating the process ten times. 

In order to obtain absolutely pure indium it is better 
to employ the precipitate obtained by the carbonate 
of baryta. The iron in this case should be in the state 
of protoxide, because the peroxide of this metal is pre- 
cipitated by the carbonate of baryta. 

The sulphur of impure indium is dissolved in dilute 
hydrochloric acid. It is heated in order to drive off 
the hydrosulphuric acid dissolved in the liquid, and a 
solution is obtained which contains iron in the state of 
protochloride. 

After cooling, a sufficient quantity of carbonate of 
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baryta ia added, and ia left to digest for twenty-four 
hours — stirring it frequently. 

The precipitate which contains all the indium is 
carefully filtered and washed, while the whole of the 
iron and zinc are found in the liquid. 

The , precipitate is decomposed by sulphurio acid, 
which gives some sulphate of baryta and some sulphate 
of oxide of indium, from which the ammonia precipi- 
tates entirely pure oxide of indium. 

in. — Preparation of Metallic Indium. 

The oxide of indium is heated to a low temperature ' 
in a porcelain crucible, into which a current of hydro- 
gen is passed. A little indium is always lost, on 
account of the volatility of the metal. If the gas is 
passed slowly at first, in such a manner that it does 
not burn between the cover and the crucible, very little 
of the' indium is lost, and the current of gas can then 
be increased without fear of carrying off' much of tho 
metal. The crucible is left to cool in the current of 
gas, and little metallic globules are obtained at the 
bottom of the vessel. In order to unite them in one 
mass fused cyanide of potassium is added — heated to 
redness — and the union of the globules ia aided by 
inclining the crucible in different directions. 

The mass is freed from the cyanide of potassinm, 
which adheres to it, by washing with hot water. 

IV. — Properties of Indium. 
The color of indium is similar to that of platinum, 
has marked metallic characteristics, and is much sof- 
ter than lead — can be easily separated into thin lami- 
nte— -it marka paper — it does not tarnish on exposure 
to the air — it is soluble in dilute hydrochloric and 
sulphuric acid ; but, when in contact with concentrated 
sulphuric acid, is given off sulphurous acid. Nitric 
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acid oxidizes it rapidly. Heated to redness it vola- 
tilizes and burns with a violet flame, which deposits 
a yellow coating on the sides of the crucible. Its 
epecifie gravity at 15° is equal to 7.S62. Its equiva- 
lent, according to Winckler, is 35.9. 

V. — CombinaitoTia of Indium. 

The oxide (In O) seems to be the only combination 
with oxygen. It is honey -colored, and transparent 
when it is prepared by the calcination of the hydrate : 
heated it becomes brown. 

The calcined oxide is slightly soluble in acids when 
cold ; dissolves rapidly in thetn when heated. 

The salts of indium are white. Zinc precipitates 
indium from its solution in the form of brilliant scales. 

The hydrate of oxide of indium forms a bulky, 
whit« precipitate, which resembles aluminum, and 
yields like this metal a homy mass when dry. It is 
completely insoluble in ammonia, potassa, and soda. 

The-carbonate and phosphate of indium are white. 

In the solutions of oxides of indium the yellow fer- 
rocyanide of potassium gives a white precipitate. The 
red ferr id cyanide and sulphocyanide of potassium, 
gallic acid, and chromate of potassa give no precipi- 
tate. 

The oxalate of indium is crystalline 

The sulphate gives imperfect crystals. 

The nitrate crystallizes with difficulty in an aqueous 
solution. 

The very acid solutions give small prisms joined in 
bundles. 

The sulphide of indium is separated in the form of 
a yellow gelatinous precipitate, which, when dried, 
gives hard and brittle fragments. The presence of 
acids prevents the precipitation of indium by hydro- 
sulphuric acid ; it is not the same with the sulphide of 
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ammonium. The precipitate obtained by this last re- 
agent is insoluble when cold in an excess of sulphide of 
ammonium: it dissolves, on the contrary, when heated 
in this liquid. By cooling the sulphide is precipita- 
ted ; but it is white in this case, and is probably a 
hydrate. 



74. TELLURIUM ORE. 

The Transylvania powdered ore contains graphic 
and foliated tellurium-ore; i.e., the tellurides of gold, 
silver, lead, and sulphide of tellurium, niixed with 
various other minerals. 

In order to remove a great portion of tlie gangue, 
the finely-powdered ore is mixed with dilute hydro- 
chloric acid, with which it is left in contact until no 
farther disengagement of carbonic acid takes place, 
the whole being frequently agitated by stirring. It is 
then washed and dried. Various methods can be 
used to extract the tellurium and to recover at the 
same time the noble metals, 

I. The ore is dissolved in nitro-hydrochlorio acid, 
with the precaution, however, that the nitric aoid is 
only gradually added, and in such quantities that it 
may all be decomposed. When the mass has become 
completely white, and all the nitric acid has been ex- 
pelled by heat, some sulphuric and tartaric acids are 
added, the former to insure the complete precipitation 
of the lead and the decomposition of the tellurite of 
lead, the latter to prevent the precipitation of tellurous 
acid; after this, about twice its bulk is added to the 
mass. When completely cold, the solution is filtered 
oft' and the residue washed. The latter consists of 
quartz, heavy spar, sulphate of lead, and a small quan- 
tity of chloride of silver, which may be extracted by 
ammonia. 
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From the solution the gold is precipitated by a con- 
centrated solution of sulphate of protoxide of iron. 
When the metal has subsided, it is washed and ignited. 

The liquor filtered off from it is considerably con- 
centrated by evaporation in a i^ask, allowed to cool, 
and mixed with a solution of an alkaline sulphite, 
when the tellurium is precipitated as a gray powder. 
After standing for twelve or twenty-four hours it is 
filtered off, and washed, first with dilute sulphurous 
acid, and then with water. The solution must be 
made strongly acid in every case to insure the com- 
plete precipitation of the tellurium. 

Gold and tellurium may also be precipitated together 
by an alkaline sulphite, and the latter metal then ex- 
tracted by means of nitric acid. The filtered liquid is 
again evaporated to a small bulk, and mixed with an 
alkaline sulphite, when, in most cases, a farther quan- 
tity of tellurium is obtained. 

II. The ore, freed from most of the gangue by 
means of hydrochloric acid, is intimately mixed with 
twice its weight of bisulphate of potassa ; 4 to 6 times 
its quantity of bisulphate of potassa is then fused in a 
capacious Hessian crucible at a gentle heat, and into 
the fusing salt the above-mentioned mixture is intro- 
duced by small portions at a time, waiting between 
each addition, until the frothing of the mass has sub- 
sided.- When this has ceased, and a sample of the 
mass being taken out appears quite white, the fused 
raass is poured off from the gold, which has settled at 
the bottom of the crucible. The remainder of the salt 
is then washed out of the crucible with hot water con- 
taining sulphuric acid, and the gold collected. 

The mass which was poured off is then dissolved in 
this water, with a farther addition of sulphuric acid, 
the solution filtered off from the sulphate of lead, &c., 
and then the silver precipitated by means of hydro- 
chloric acid. 
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■ The filtered solution ia concentrated by evaporation, 
and the tellurium precipitated by sulphurous acid. 

The tellurium thua obtained ia not quite pure. In 
order to purily it, it is distilled in a tube of hard gla»a, 
at a strong red heat, in a current of hydrogen. The 
traces of lead and copper remain behind as tellurides, 
and a slight mixture of selenium is carried oft' by the 

Tellurium containing selenium may be easily sepa- 
rated from it completely by fusing it for some time in 
hydrogen gas. If the two are in solution they are 
precipitated by sulphurous acid and the selenium, 
separated by a solution of cyanide of potassium,' in 
which it is soluble. The tellurium remains undissolved. 
Selenium is precipitated from this solution by acids. 

The pulverulent tellurium may be fused easily into 
a button, if covered with a mixture of 9 parts of chlo- 
ride of potassium and 7 parts of chloride of sodium. 

Accurate quantitative analyses of pure graphic t«l- 
lurium and foliated tellurium are best made by means 
of chlorine gas, as in thecaseof tetrahedrite. Tellurium 
is volatilized in this process an chloride of tellurium ; 
it requires, however, a very wide tube, on account of 
its being very bulky. 

From the telluride of bismuth (tetradymite) of 
Schemnitz, in Hungary, the tellurium is best obtained 
by the following process: The finely-divided ore is 
intimately mixed with 3 times its weight of ignited 
cream of tartar, and exposed to a moderate red heat 
in a covered crucible during one hour, when all the 
tellurium is converted into telluride of potassium, and 
the bismuth separated. The cold mass is reduced to 
powder, thrown on a filter, and completely washed 
with cold water which has been freed from air by 
boiling. The dark-red solution of telluride of potas- 
sium passing through the filter, when exposed to the 
air, soon deposits all the tellurium in the form of 
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a gray powder. This method is not applicable to 
graphic and foliated tellurium ore. It is very useful, 
-however, for the extraction of pure tellurium from the 
crude tellurium of Vienna, which contains copper, iron, 
lead, antimony and arsenic. For this purpose, also, a 
mixture of 4 parts of dry carbonate of soda and 1 part 
of powdered coal may be used ; 2 parts of this mixture 
are taken for 1 part of the finely pulverized metal ; 
coarsely powdered coal is placed in the bottom of tlie 
crucible, the mass pressed down upon this and then 
covered with the same kind of coal. 

The tellurium in the filtrate can be separated from 
coal, &c., by using an excess of hypochlorite of aotla. 
After long digestion with this reagent, the mixture is 
heated gradually to ebullition, the chloric-acid decom- 
posed by evaporation with hydrochloric acid, and then 
the tellurium precipitated by sulphurous aoid. 



75. NATROLITE* THOMSONITE,t Ac. 

The amount of water is determined by igniting a 
weighed quantity of the material, which has previously 
been dried at 100°. 

The finely-divided, unignited mineral, dried at 100, 
is mixed in a porcelain dish with moderately strong 
hydrochloric acid, and digested with it, with constant 
stirring, until completely converted into a gelatinous 
mass, and all the mineral is dissolved. 

This mass is then evaporated to complete dryness, 
being carefully stirred, in order to render the silica 

• Alj03,3S10„N«0,2HO. 

t AI,Oj„ 2 SiO„ (!C»0+iNaO), SJ BO. 
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insoluble; the evaporatioo is best effected, at least 
towards the end, in the water-bath. 

The remaining salt mass is moistened with hydro- 
chloric acid, after some time a little hot water is poured 
upon it, and the silica filtered off, washed with hot 
water, dried, carefully ignited and weighed. 

From the filtered solution the alumina is precipitated 
by sulphide of ammonium, and treated as in No. 16. 

When the zeolite contains sesquioxide of iron, the 
alumina ia colored more or less black or greenish- 
black by sulphide of iron. The iron is separated from 
it as in No. 21. 

The solution filtered from the alumina is evaporated 
to a small bulk, in a dish, transferred to a weighed 
platinum crucible, and carefully evaporated to dryness. 
The saline mass is gradually heated till the sal-ammo- 
niac is volatilized, and finally heated to redness, the 
cover being loosely placed upon the mouth of the cru- 
cible. The residue is chloride of sodium. 

The silicic acid obtained in ibe decomposition of a 
silicate, especially if it separate rather in a pulverulent 
than a gelatinous state, must always be examined as 
to its purity, since it may sometimes contain other con- 
stituents of the mineral, especially alumina, or even 
portions of the undecoraposed mineral itself. 

Pure silicic acid must entirely dissolve in a boiling 
solution of carbonate of soda. An insoluble residue 
indicates an imparity, which should be filtered of!' and 
examined. It is preferable, however, to fuse such 
silicic acid with S parts of carbonate of potassa and 
soda, and to treat it as in No. 79 or 80. 

Silicic acid, if perfectly pure, when dissolved in 
hydrofluoric acid, in a platinum capsule, entirely dis- 
appears on evaporation. Should there be any residue, 
it is again treated with hydrofluoric acid, afterwards 
with concenlfated sulphuric acid, evaporated to dry- 
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ne83, and exnmined. It sometimes consists of, or con- 
tains titanic acid. 



76. ILVAITE* 

The finely-powdered mineral is moistened with a 
suitable quantity of water, in a porcelain capsule, some 
concentrated hydrochloric acid and a little nitric acid 
added, and the whole heated to complete gelatinization. 
The mass is then evaporated to perfect dryness on a 
water-bath, during which operation it is frequently 
stirred. 

The dry mass is moistened with concentrated hydro- 
chloric acid, then dissolved in chlorine water, the 
silicic acid filtered oS| and treated in the usnal man- 
ner (Ko. 75). 

From the solution, dilated with the washing-water, 
the sesquioxide of iron is precipitated by ammonia, 
the precipitate allowed to subside in a covered vessel, 
and rapidly filtered off; the solution should first be 
passed through the filter, which is kept covered, as 
far as possible, to prevent absorption of carbonic acid. 
The precipitate is washed by means of the wash-bottle 
arranged for the purpose dried, ignited, and weighed 
as sesquioxide of iron. 

The filtrate from the sesquioxide of iron is acidu- 
lated with hydrochloric acid, concentrated by evapo- 
ration, in a flask, mixed with ammonia, the lime pre- 
cipitated by oxalate of ammonia, and treated as in 
No. 12. 

The mineral contains about 1.5 per cent, of protox- 
ide of manganese, and 0.6 per cent, of alumina, hoth of 

" The oompRct varisty from Elbs is not rare. It m»,y also be 
obtained artifioJatl^ by faaing together 6 parts of forfe-aoales, 3 
parts of fine white qnarti-aaud, and 1^ parts of caloined marble, at 
a strong wbite heat. 
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whicli are contained ill the precipitated sesquioxtde of 
iroD, and must be separated from it as in Kos. '21 and 
25. 

, About 1.6 per cent, of water is also present as an 
unessential constituent ; its quantity may be ascer- 
tained by ignition in a covered crucible. 

In order to ascertain directly the relative amounts 
of protoxide and sesquioxide of iron, the process de- 
scribed in No. 24 must be followed. 



77. CHRYSOLITE (OLIVINE). 
2 (MgO, FeO), SiO,. 

The very finely -powdered mineral is decomposed 
by digestion with concentrated hydrochloric acid, the 
inass dried upon the water-bath, moistened with con- 
centrated hydrochloric acid, and, after some time, 
mixed with water and filtered from the separated 
silica. 

Small amounts of copper and tin, which are con- 
tained in many specimens of olivine, are detected and 
separated by mixing the,solution with saturated sul- 
phuretted hydrogen- water, until it smells strongly, 
and allowing it to stand for some time in a closed 
vessel. 

The solution filtered from the precipitate ia concen- 
trated by evaporation, some chlorate of potassa being 
added to peroxidize the iron. 

The sesquioxide of iron may be precipitated by an 

excess of ammonia, and the magnesia separated from 

it by boiling the solution until all the free ammonia 

' is expelled, when the sesquioxide of iron remains, and 

may be filtered off. 

This filtrate contains, besides magnesia, a small quan- 
tity of protoxide of manganese and protoxide of nickel, 
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■which latter is wanting only in the olivine of meteoric 
iron. These are precipitated by sulphide of ammo- 
nium, an excess of which is, as far as possible, to be 
avoided. The precipitate is not to be filtered o£f until 
it has separated ao as to leave the solution perfectly 
clear ; it may then be washed with very dilute sulphide 
of ammonium. If both metals are present only in 
smalt quantities, the sulphide of manganese may then 
be separated from the sulphide of nickel by treating it, 
upon the filter, with very dilute hydrochloric acid, in 
which the sulphide of nickel ia. practically, insoluble. 
The small quantity of sulphide of nickel is then ignited 
in the air, and weighed as protoxide. The manganese is 
precipitated from the solution by carbonate of soda, at 
a boiling heat. 

The liquid filtered from the precipitate produced by 

sulphide of ammonium, is mixed with ammonia, and 

. the magnesia precipitated by phosphate of soda (No. 6). 

In the analysis of olivine, the iron, when converted 

into sesquioxide, may also be separated from the other 

bases by succinate of ammonia (No. 21). 



78. DATOLITE. 
(3 CaO, 3110, BOO SiO,. 

For the determination of water, a weighed quantity 
of the mineral is heated to bright redness. 

If the unignited mineral, in a Bnely-powdered state, 
be digested with moderately strong hydrochloric acid, 
it becomes a gelatinous mass. If the mixture be heated 
to boiling, and filtered while hot, boracic acid separates 
from the solution in crystals. 

The finely -powdered mineral is decomposed by di- 
gestion with hydrochloric acid, and the mass evaporated 
to dryness, when a great part of the boracic acid is 
13 
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volatilized; after exposure for a considerable time to 
a temperature of 100°, the residue is heated with water 
containing hydrochloric acid, the silicic acid filtered 
oft) washed, dried and ignited. 

The filtrate is neutralized with ammonia, and the 
lime precipitated by oxalate of ammonia (No. 12). 

By this process the boracic acid cannot be deter- 
mined directly but only by difference, because a large 
part of it volatilizes daring evaporation. In order to 
make a direct determination, the mineral is decomposed 
by hydrochloric acid, or a retort furnished with a re- 
ceiver, distilled to dryness, and the distillate containing 
the boracic acid poured back upon the residue, with 
which it is digested for some time, and then filtered 
from the silicic acid. The lime is then precipitated 
by a large excess of oxalate of potassa, filtered, and 
the filtrate concentrated by evaporation. From this 
the boracic acid is precipitated as a double fluoride of 
boron and potassium. For this purpose it is placed in 
a platinum dish with a little potassa, then mixed with 
a small excess of hydrofluoric acid, and evaporated to 
dryness. For the separation of the other salts, the 
mass is treated with a moderately concentrated solution 
of acetate of potassa, allowed to stand for some time, 
and the double fluoride of boron and potassium thrown 
upon a weighed filter, and washed with the solution of 
the acetate. The acetate of potassa is then washed out 
with alcohol. The double fluoride is dried at 100° 
and weighed. 



79. ULEXITE. 

NaO, 2B0O3+2 (CaO, 2BoOJ + 18H0. 

After determination of the water the mineral is dis- 
solved in hydrochloric acid, neutralized with ammonia, 
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and the lime precipitated by oxalate of ammonia. The 
filtered solution is concentrated by evaporation, and 
the boracic acid separated as in No. 78 as a double 
fluoride of boron and potassium. 

For the determination of the soda another portion is 
dissolved, the lime precipitated by oxalate of ammonia, 
the filtrate evaporated to dryness, and heated to drive 
oQ' the ammoniacal salts. The mass is then digested 
with strong hydroduoric acid, evaporated to dryness, 
digested with concentrated sulphuric aoid. and evapo- 
rated to drive off the fluoride of boron. The sulphate 
of soda is finally ignited, a piece of carbonate of am- 
' monia being held in the crucible. 



80. ORTHOGLASE. 
KO,SiO,+Al,0,3SiO,. 

I. The very finely -powdered and levigated mineral, 
dried at about 200°, is very intimately mixed, in a 
capacious platinum crucible, with 4 or 6 parts of car- 
bonate of baryta ; the crucible is then inclosed in an 
earthen crucible, which is placed in a wind-furnace 
with a good draught, and exposed for at least half an 
faour to an intense white heat, so that the contents may 
be firmly aggregated into a cinder-like mass. The 
decomposition takes place more rapidly, and with 
greater certainty, when the crucible is exposed to a 
blowpipe Same, so that the masn fuses completely. 

Or the mineral is mixed, in a silver crucible, with 
4 parts of hydrate of baryta, previously freed by heat 
from its waterof crystallization, and the mixture heated 
to Fusion. 

The mass is then turned out of the crucible into a 
capacious dish, a quantity of water poured over it, and 
hydrochloric acid gradually added in slight excess, 
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until, with tbe aid of s. gentle digestion, it is com- 
pletely deoomposed and dissolved, with exception of 
some gelatinous silicic acid which is separated. The 
whole solution is then evaporated to perfect dryness, 
in order to render the silicic acid insoluble, the eva- 
poration being conducted towards the last upon a 
water-bath, with constant stirring. 

The saline mass is afterwards moistened with hydro- 
chloric acid, a proper proportion of water added, and, 
after digestion, the silica filtered oft) washed, thoroughly 
dried, ignited, and weighed in a covered crucible. 

From the solution tbe baryta is precipitated by 
gradual and cautious addition of dilute sulphuric acid, - 
a great excess of which is to be carefully avoided ; the 
sulphate of baryta is then filtered oflf and washed, (ifee 
No. 3.) 

The filtrate is concentrated, if need be, by evapora- 
tion, the alumina precipitated by sulphide of ammo- 
nium, and treated as in No. 16. 

The liquid filtered from the alumina is evaporated 
to dryness, and the dry mass ignited to expel the am- 
moniacal salts. This process requires so much the 
more care, to avoid spirting, the more sulphate of am- 
monia it contains, in consequence of the careless addi- 
tion of sulphuric acid. 

At the end of the operation, in order to convert any 
alkaline bisulpbate into neutral sulphate, a fragment of 
carbonate of ammonia is held in the covered crucible. 

The residue is sulphate of potassa, and is weighed 
as such. Should soda also be present in tbe mineral, 
the residue must be treated as in No. i. 

Another method consists in precipitating most of 
the baryta from tbe original solution by gradually 
and cautiously adding dilute sulphuric acid; the rest 
of the baryta, together with the alumina, is then pre- 
cipitated by a mixture of carbonate of ammonia and 
' I, added in slight excess. 
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After twenty-four hours, the precipitate ia filtered 
oE^ washed, the alumina (together with the baryta) 
extracted by dilute hydrochloric acid, precipitated by 
freahly-prepared sulphide of ammonium, and rapidly 
washed, with as little exposure to air aa possible. 

The liquid containing the alkali, filtered off from 
the precipitate produced by carbonate of ammonia, is 
concentrated by evaporation, acidified with hydro- 
chloric acid, evaporated to dryness, and the saline mass 
heated in a covered crucible ultimately to redness ; the 
residue is chlorideof potassium (or chloride of sodium). 
It must be tested for baryta with sulphuric acid, since 
carbonate of baryta is not absolutely insoluble, and 
would have been converted into chlorideof barium by 
ignition with salammoniac. 

II, A second method of decomposing feldspar is that 
with hydrofluoric acid. The levigated mineral is placed 
in a platinum dish, or in a capacious platinum crucible, 
mixed with a suitable quantity of fuming hydrofluoric 
acid, and digested with it to complete decomposition. 

Or the mineral may be spread out in a ehallow plati- 
num capsule, moistened with water, and exposed for a 
long time to the vapor of hydrofluoric acid, in an ap- 
propriate leaden vessel closed with a lid. The hydro- 
fluoric acid is evolved from powdered fluor-spar, which 
is placed at the bottom of the vessel, moistened with 
concentrated sulphuric acid, and gently heated. 

The mineral is however moat easily decomposed by 
fluoride of ammonium. One part of the mineral is 
mixed with about six parts of the fluoride with a little 
water, digested for some time and then raised to a low 
red beat. 

When the decomposition of the feldspar is com- 
pleted, the mass is gradually and cautiously mixed 
with pure concentrated sulphuric acid, and evaporated, 
slowly and carefully, to dryness. All the fluorine and 
silicon are thus expelled, and after the volatilization ot 
IB* 
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the excess of sulpburic acici, the bases remain as sul- 
phates. 

The dry mass is moistened with concentiated sul- 
phurie acid, and aller a little time mixed with water, 
in which, if the decomposition be complete, it should 
eutirely dissolve. 

From this solution the alumina and alkalies are 
separated as directed above, 

A small quantity of iron, which ia frequently present, 
is to be sought in the alumina. 

In the analysis of a feldspar containing lime (labra- 
dorite, anorthite), the latter is precipitated, after the 
separation of the alumina, by oxahtte-of ammonia. 

When petalite and spoduinene are analyzed by the 
above methods, a mixture of salts of soda and lithia is 
obtained at last, and must be analyzed as in the case of 
triphylline. 

III. Silicates are easily decomposed by acids, if 
melted to a glass with a small quantity of precipitated 
carbonate of lime in a platinum crucible before the 
gas blowpipe. One part of feldspar ia mixed with 
0.4 parts of carbonate of lime. 

In order to find the amount of alkalies in silicates 
not easily decomposed by acids, they are mixed with 
five to six of carbonate of lime and about three-fourths , 
chloride of ammonium and ignited, when the alkali 
may be extracted with water. 



Silcates of CaO, MgO, FeO, MnO and Al^O^ 

The very finely-powdered mineral must be decom- 
posed by fusion with four parts of carbonate of 
potassa and soda. 
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■ The mass is softened with water, dissolved in 
hydrochloric acid, the silica rendered insoluble by 
evaporation, as in the analysis of feldspar; the dry 
mass moistened with hydrochloric acid, and a little 
nitric acid, warmed, diluted, and the silicic acid 
filtered oflf. 

The solution is then neutralized by carbonate of 
soda, acetate of soda added and heated to boiling. 
The iron and alumina are precipitated, and may be 
separated by hyposulphite of soda, as in No. 21. 

The filtrate, which contains acetates of lime, mag- 
nesia, and manganese is saturated while hot with 
chlorine gaa, which precipitates the manganese. After 
ignition it is weighed as MnO, Md,Oj* If the fluid 
has been colored red by the formation of perman- 
ganic acid, ammonia is added, and then boiled until 
the color is destroyed. The lime and magnesia are 
separated in the filtrate as in No. 12. 

These and all similar minerals, not attacked by hy- 
drochloric acid, may likewise be conveniently decom- 
posed by hydrofluoric acid; in which case, however, 
the silica must be determined by loss. {See Ortho- 
clase.) 



82. BERYL. 

Be,0^ 2 SiO,+Al,0,. 2 SiO,. 

The very finely -powdered mineral, previously well 
dried, is fused in a platinum crucible with 4 times its 
weight of carbonate of potassa and soda {see No. 10) ; 
the mass is softened with water, digested with excess 
of hydrochloric acid until the decomposition is com- 
plete, and evaporated to perfect dryness to render the 
silica insoluble. The residue is moistened with hydro- 
chloric acid, and treated with warm water; the silica 
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is then filtered off, the solution conoentrated by evapo. 
ration, and dropped very gradually, with constant stir- 
ring, into an excess of a warm concentrated solution 
of carbonate of ammonia, which precipitates tbe alu- 
mina, and dissolves the berylla (glucina). When the 
precipitate has been digested for some time with the 
solution ina closed vessel, the solution is filtered off, 
boiled for a long time, until tbe greater part of tbe 
carbonate of ammonia is expelled, slightly acidified 
with hydrochloric acid, digested for some time to 
expel the carbonic acid, and the glucina finally- pre- 
cipitated by caustic ammonia. 

Pure glucina may be prepared in the following 
manner. Tbe mineral is heated to redness, and then 
thrown into cold water, when it may be more easily 
pulverized. 7 parts of tbe powder are mixed with 
13 parts of finely-powdered fluor spar, and 18 parts of 
concentrated sulphuric acid, and warmed until no 
more fluoride of silicium is given off. The mass is 
then gently ignited, digested I'oftsome time with water, 
and the sulphate of Hme filtered ofi^ 2 parts of sul- 
phate of potassa are then added and tbe solution 
evaporated to crystallization, when the greater part of 
tbe alumina crystallizes as alum. Acetate of soda is 
then added to the solution, and by boiling the remain- 
der of the alumina and the sesq^uioxide of iron are 
precipitated. The glucina is precipitated from tbe fil- 
tered solution by ammonia. 

If hyposulphite of soda precipitates alumina alone, 
and DO glucina, in a neutral solution of the two bases, 
this method may be used for their separation.* 

* See SillimRn's JoiirnRl, toI. xxxti., Vtot. C. A. J07 on Gla- 
clnum and its Coiuponuda. 
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6<3 A1,0„ 2 SiO^+(3Al,F,+2 SiF^. 

At a very intense white heat, the topaz loses all its 
fluorine lathe form of tetrafluoride of silicon. (23 per 
cent.) 

When fused, in the state of very fine powder, with 
4 times its weight of anhydrous carbonate of soda, it 
is decomposed, with formation of fiuoride of sodium, 
which is extracted by water. Before filtering off the 
residual silicate of alumina, however, the solution should 
be digested with some carbonate of ammonia, in order 
to precipitate any small quantities of alumina and 
silica which may have been dissolved. 

The residue is then filtered off, washed with dilate 
carbonate of am monia, and farther treated as in No. 76. 

The alkaline filtrate is concentrated and freed from 
ammonia by evaporation, and the greater part of the 
carbonate of soda neutralized by nitric acid, so that 
some carbonate may still remain undecomposed. The 
solution is then mixed with chloride of calcium, which 
precipitates a mixture of carbonate of lime and fluo- 
ride of calcium. When the precipitate has separated, 
by the aid of a gentle heat, it ia filtered off, washed, 
and ignited. The carbonate of lime is then dissolved 
in dilute acetic acid, the solution evaporated to dryness 
on a water-bath to expel the excess of acid, and the 
acetate of lime extracted from the dry mass with hot 
water. The residual fluoride of calcium is filtered oft', 
washed, dried, ignited, and weighed. If the precipitate 
of carbonate of lime and fiuoride of calcium had not 
been ignited previously to the treatment with acetic 
acid, the fluoride would have entered the pores of the 
filter, and the filtrate would have been turbid. 
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84. FLUORITB. 
CaF. 

A weighed quantity of the finely-powdered mineral 
is mixed, in a platinum crucible, with concentrated 
Bulpbnric acid, and heated until all the hydrofluoric 
acid ia expelled, and the greater excess of sulphuric 
acid volatilized. The residual sulphate of lime is then 
mixed with alcohol, Eltered off, washed with alcohol, 
ignited and weighed. Or it may be dissolved in water 
containing hydrochloric acid, the solution mixed with 
ammonia, and the lime precipitated by oxalate of 
ammonia. 

The fluorine is determined from the 1ob8. In order 
to estimate it directly, the decomposition must be effected 
in a platinum retort, the vapors of hydrofluoric acid 
conducted into solution of carbonate of soda, and the 
fluorine precipitated from the solution by chloride of 
calcium, as in the analysis of topaz. 

Or the very finely-powdered mineral maybe mixed 
with an excess — that is, with at least an equal weight — 

Fig. ifi. 




:,q,t,=cdbvGoOgle 



CBTOLITE. 165 

of iinely- powdered silicic acid {that prepared from tetra- 
flaoride of silicon is the best), the mixture introduced 
into an apparatus similar to that employed in alka- 
limetry, and the sulphuric acid, which must for this 
purpose be rery concentrated, allowed to flow upon it. 
With the aid of a gentle heat, tetrafluoride of silicon is 
formed, which is allowed to escape in the gaseous state 
through a. tube filled with chloride of calcium; the 
last portions are withdrawn from the apparatus by 
sucking air through it, for which purpose, there is 
attached to the chloride-of calcium-tube a small tube 
filled with fragments of moist hydrate of potassa, 
through which the air ia drawn. The loss of weight 
expresses the amount of tetrafluoride of silicon which 
has been evolved. 



85. CRYOLITE.* 

8NaF+Al,Fa. 

The analysis may be made by means of concentrated 
sulphuric acid as in the case of fluorite. The floDrine 
is determined by the loss. For the direct determina- 
tion, the mineral is decomposed in a platinum retort, 
and the fluorine contained as fluoride of calcium, as 
with fluor-spar and topaz. The excess of sulphuric 

* Thia remarkKblH mineral is ronad in an immanse deposit SO 
foet thick anti 300 feet long iuOreenland attbeheai) of Arknat Bay, 
Dear Cape Farewell. It ia often asaociated with ur;stals of galena, 
apathio Iron, copper and iron pyritea, etc. 

The PeDDSylvania Salt Company introdnced to onr oountry this 
valuable material, and now prepare from It oaustic Boda, oarbonates 
and other salta of aoda, anlphate of alumina, eto. 

One htindred pounds of cryolite yield 44 ponnds dry oavstio 
Boda ; or TS pounds dry carbonate of aoda, 203 poanda erystallized 
carbonate aoda; or 119^ pounds bicarb, aoda, and 24 poanda 
of alumina. 
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acid is driven off by heat from the residue, which ia 
completely soluble on being digested in water, if the 
decomposition was complete. The alumina is precipi- 
tated by carbonate of ammonia. The filtered liquid 
is then evaporated to dryness, placed in a platinum 
crucible and carefully raised to a red heat with the 
precaution that nothing is throwa out from the crucible 
by the decomposition of the sulphate of ammonia. A 
small piece of carbonate of ammonia is held in the 
crucible and allowed to evaporate slowly. The residue 
is weighed as neutral sulphate of soda. . 



86. ZIRCON. 
ZrO„ SiO,. 

A care fully -selected specimen of zircon which has 
been ignited, and thus deprived of color, is levigated 
to a very fine powder, and fused, at a good heat, in a 
platinum crucible, with 4 parts of anhydrous carbonate 
of soda. The mass is digested with water, which dis- 
solves the silicate of soda, and leaves a silicate of soda 
and zirconia as a crystalline powder ; this is washed 
and decomposed by digestion with concentrated hydro- 
chloric acid. The mass is dried up in a water-bath, 
treated with water containing hydrochloric acid, the 
silica filtered of^ and the zirconia precipitated by 
ammonia. 

If the zirconia contain any iron, the precipitate is 
digested with oxalic acid, which dissolves the sesqui- 
oxide of iron, leaving oxalate of zirconia, at least the 
greater part, undissolved. 

Or the precipitate may be treated with sulphide 
of ammonium, to convert the iron into sulphide, 
the solution once more decanted, and the black 
precipitate treated with solution of sulphurous acid, 
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which immediately dissolves the sulphide of iron 
leaving the zirconia colorless. For quantitative anal- 
ysis the solution containing zirconia and iron, after 
neutralization, is mixed with hyposulphite of soda, 
and heated until all the zirconia is precipitated free 
from iron. It is then ignited. 

For the preparation of zirconia in large quantities, 
the zirconia which has been heated to redness and 
cooled suddenly by cold water is broken up in an iron 
mortar, sifted and freed from iron by hydrochloric 
acid and the residuum fused with two or three times its 
weight of the fluorhydride of the fluoride of po- 
tassium. It is gently heated at first to drive off the 
water and afterwards when dry and hard, the 
temperature is raised until the mass is completely 
fused. It is then poured out, coarsely pulverized, 
and heated to boiling with a little water mixed 
with hydrofluoric acid. The solution of fluozirconate 
of potassium, which is very soluble in hot water 
filtered off from the fluosilicate of potassium, the 
latter being washed with hot water. On cooling 
the salt crystallizes in fine prisms. It may be purified 
by recrystallization. Heated with sulphuric acid, it 
is converted into a double sulphate, which leaves 
after strong ignition pure zirconia mixed with sul- 
phate of potassa. 

The ignited zirconia is again rendered soluble 
by heating for a long time with concentrated sul- 
phuric acid, or with acid fluoride of ammonium. 
It is completely precipitated from a neutral solution, by 
a boiling saturated solution of sulphate of potaasa, as a 
white pulverulent double salt. After boiling this 
precipitate is scarcely soluble in water or eveu in 
acids. 

The chloride of zirconium, Zr Cl^ can be prepared 
directly from zircon, as a white sublimate soluble 
in water, if the very finely levigated mineral with 
14 
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several parts of pure sugar is ignited, and the mass, 
while hot, introduced into a tnbe of very hard glass, ia 



■which it is heated to full redness, while a stream of dry 
chlorine gas is passed over it. The chloride of aiJicon 

fiasses oil' as gas, while the chloride of zirconium sub- 
imes in the cooler part of the tube. 



87. CEBITE." 

2 (CeO, LaO, DiO), SiO,+ HO. 

Ceriie, in fine powder, is treated with concentrated 

sulphuric acid, with which it is digested, until the 

high temperature produced by the oombination has 

caused it to form a dry mass. 

Cold water is then poured over it, and the mix- 
ture allowed to digest, in the cold, until the sulphates 
are dissolved. The solution filtered from the silica, 

• Only to be fonnd in one locality — the mtne of Ban tn&s, near 
BiddarfajFtta in Wsatmanland. Majr be obtained from dealers in 
Hinerals, or from Stockholm. 
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whicb must be concentrated by evaporation if too 
largely dilated by the washings, is mixed with a boil- 
ing saturated solution of sulphate of potassa, and 
allowed to cool. Cerium, lanthanum and didymium 
are thus precipitated aa double sulphates, while iron, 
&c., remain dissolved. The precipitate is filtered 
off, and washed with a saturated solution of sulphate of 
potassa. Crystalline crusts of sulphate of potassa are 
placed in the filtrate, and in this way the remainder oC 
the double salt is precipitated. 

The precipitated salt is dissolved in the necessary 
quantity of boiling water, with the addition of some 
bydrochloric acid, and the bases precipitated from 
the hot solution by an excess of caustic potassa. 
(Ammonia precipitates basic salts.) Or the double 
salt is mixed with pure lamp-black and starch 
paste, covered with.'coarsely pulverized charcoal and 
beated to redness for one hour. 

The sulphide of potassium formed is completely 
washed out with water, the sulphide of cerium dis- 
solved in nitric acid, evaporated to dryness and ignited. 

After ignition, they appear as a cinnamon-brown 
powder. Wben converted into sulphates by diges- 
tion with concentrated sulphuric acid, they give, 
with water, a yellow solution, from which sulphate 
of potassa precipitates a lemon-yellow mixture of 
double salts. 

Another method of obtaining tbe oxide of cerium con- 
sists in precipitating the original sulphuric solution, 
while bol^ with an excess of hydrate of potassa, wash- 
ing the precipitate, and digesting it with an excess of 
solution of oxalic acid, when the iron and lime are 
dissolved, and the oxide of cerium, &c., left as white 
oxalates, which are filtered ofi" and washed. By igni- 
tion in air, they are converted into the brown oxides. 

There is at present no method of accurately sepa- 
rating these three oxides from each other. 
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The Htdrated Pkotoxide of Cerium is colorless, 
but oxidizes rapidly on exposure to air, and becomes 
yellow. It is obtained by igniting the carbonate or 
oxalate in a current of hydrogen, is bluish-gray, and 
oxidizes in the air to a yellowish-white compound of 
oxide and sesquioxide, or by heating to an orange-red. 
It is insoluble in nitric and hydrochloric acids, but 
seluble in sulphuric with a yellow color. 

The Se3QUIOX[de of Cerium, in the pure state, is 
yellow, with a tinge of red ; when impure, it is brick- 
red. It is produced when the hydrate ia ignited in 
air. The sesquioxide is soluble only in hot concen- 
trated sulphuric acid; the solution has a fine yellow 
color. The hydrated sesquioxide is dissolved, in quan- 
tity, with a yellow color, by the alkaline bicarbonates, 
especially by bicarbonate of ammonia. The sesqui- 
oxide is insoluble in concentrate^ hydrochloric acid, 
but on addition of alcohol, it is dissolved in the form 
of protochloride. 

Oxide op Lanthanum is colorless; when heated 
with water, it is converted into the hydrate, which has 
an alkaline reaction. It is dissolved by a hot solution 
of chloride of ammonium, with evolution of ammonia. 
Its salts are colorless. The carbonate is insoluble in 
carbonate of ammonia. 

Oxide op Didtmium, when ignited, is brown. 
When exposed to a white heat it assumes a dingy 
white color, with a tinge of green. It is soluble in 
acids ; its salts have the color of amethyst, with a tinge 
of blue ; with hydrate of potassa they yield a violet 
hydrate. The carbonate is insoluble in carbonate of 
ammonia. 

TJj^ignited brown mixture of the three oxides ia 
dissolved by hydrochloric acid, with evolution of 
chlorine. 

If the mixed hydrates, precipitated by potas.sa, be 
dissolved in nitric acid, the solution evaporated to 
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dryness, an<3 igniled, n dark brown oxide is obtained, 
from which a part, at least, of the oxide of lanthanum 
may be obtained in a pure state. For this purpose, 
the finely-powdered oxide is mixed with water, to 
which nitric acid, free from nitrous acid, is added in 
single drops with continual agitation, in proportion as 
it is saturated. From the filtered solution, at a boiling 
heat, carbonate of ammonia precipitates carbonate of 
oxide of lanthanum in shiging, crystalline scales. - 

When the oxides precipitated by potassa are mixed 
with a concentrated solution of potassa, and the latter 
saturated with chlorine gas, and frequently agitated, 
the cerium is converted into an insoluble yellow com- 
pound of the sesquioxide, while didymium and lantha- 
num, together with some cerium, are dissolved as 
protochloridea. The yellow sesquioxide of cerium is 
digested still longer with chlorine-water, filtered oft) 
washed, and digested with dilute potassa to remove 

Fig. 17. 



hypochlorous acid ; any potaa=ta which it has taken up 

is then extracted by dilute nitric acid. The solution 

14* 
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of the protoohlorides (of didymitim and lanthanum) is 
again precipitated by potassa, and tfae precipitate 
treated a second time with potassa and chlorine-gas. 

The oxide of cerium can be obtained nearly pure if 
the mixed oxides are first treated with dilute and then 
with concentrated nitric acid, which dissolves out the 
lanthanum and didymium. The solution is evapo- 
rated, the salt ignited, and the oxide again treated with 
very dilute nitric acid. The oxide of cerinin remains 
undissolved. 

From the solution the didymium and lanthanum 
are precipitated by ammonia and dissolved in sul- 
phuric ariid. If the dried mixture of salts is dissolved 
in water until it is saturated at 5° or 6°, and this solu- 
tion heated to S0°, the sulphate of the oxide of lantha- 
num separates, while the didymium remains in solu- 
tion. By repeating the operation both salts may be 
obtained in a pure state. The salt of lanthanum is 
colorless, and that of didymium dark rose-red. 

Another method of approximate separation is the 
following. The cerite is decomposed by sulphuric 
acid, the mass lixiviated, the solution purified with 
sulphuretted hydrogen, an excess of hydrochloric acid 
added, and the cerite oxides precipitated by oxalic 
acid. The precipitate is washed by decantation, dried 
and mixed with half its weight of magnesia alba and 
eome water, rubbed together, and dried in a porcelain 
<)ish, the bottom of which is heated to dull redness, 
and the beat continued with constant stirring until it 
has become a cinnamon-brown powder, which contains 
all the cerium as oxide. It is tnen dissolved in warm 
concentrated nitric acid. The deep brownish-red solu- 
tion contains a double salt of the nitrate of the oxides 
of cerium and didymium with the nitrates of the oxide 
of lanthanum and magnesia, which may be obtained 
in deep reddish yellow rhombohedral crystals. The 
red 'solution is evaporated to a syrupy consistency. 
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ani3 a large excess of boiling hot water containing 
some nitric acid is poured over it, which precipitates 
alone the basic nitrate of the oxide of cerium, which 
is washed by decantation with hot water mixed with 
nitric acid, as it is quite soluble in pure water. The 
mother liquor and wash water are concentrated to a 
syrup and again treated in the same manner. 

This last mother liquor "usually contains only Ian- 
tbanum, didymium and magnesia, and is generally 
colored violet, which color is destroyed by alcohol and 
other reducing agents. After concentration, crystals 
-of double saltx of these bases are formed. 

The metal cerium was obtained by the following 

Erocess: a solution of the brown oxide of cerium in 
ydrochloric acid was mixed with an equivalent quan- 
tity of chloride of potassium and of chloride of ammo- 
nium, and the whole evaporated to dryness. The mass 
was then transferred to a platinum crucible, and heated 
until the whole of the chloride of ammonium was 
volatilized and fusion obtained. The fused mass was 
poured out, coarsely powdered, and mixed, while still 
warm, with fragments of sodium, and introduced into 
an earthen crucible previously heated to redness. 
When the contents had again fused, and the excess of 
sodium volatilized, the crucible was removed from the 
fire; the deep gray resulting mass was filled with little 
metallic globules. In a second experiment a large 
piece of sodium was thrown into a red-hot crucible 
containing chloride of potassium, and then the coarsely 
powdered chloride used as before. In operating in this 
way, a larger proportion of metallic globules was ob- 
tained, some of which weighed from 50 to 60 mille- 
grams. These metallic globules appear to consist 
principally of cerium. The color of the metal is inter- 
mediate between the color of iron and that of lead. 
The metal is lustrous when polished, and malleable. 
Its density ix about 5.5 at 12°. Exposed to the air it 
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loses its lustre, and becomes slightly blue. It feebly 
decomposes water at 100°. Hjdrocbloric acid dis- 
solvea it with energy ; concentrated nitric acid con- 
verts it into a clear browu oxide; the dilute acid 
dissolves it. By evaporation a white salt is obtained, 
which leaves, after calcination, a brown oxide, insolu- 
ble in nitric acid and in dilute sulphario acid. Con- 
centrated sulphuric acid ' slowly dissolves this oxide, 
forming a yellow solution, which shows the reactions 
of eerie salts. Hydrochloric acid diasolves this oxide 
with disengagement of chlorine, forming a colorless 
solution. When a globule of cerium is heated by the 
blowpipe to dull redness, the metal inflames and bums 
vivit^y, forming brown oxide ; but upon submitting a 
globule suddenly to a very high temperature, it burns 
with explosion, sending out bluish sparks. Cerium 
powder can inflame below 100°. 



88. GADOLINITE.* 

YO, CeO, LaO, ErO, CaO, MgO, MnO, FeO, Fe,0-, 
Al,0^ SiO,. 

The finely-powdered mineral, dried at 100°, is de- 
composed by digestion, in a porcelain dish, with concen- 
trated hydrochloric acid, to which some nitric acid has 
been added, to peroxidize the iron; the mass is com- 
pletely dried up, with frequent stirring, in a water-bath, 
aixt maintained for some time at that temperature. 

It is then digested with a little water acidulated 
with hydrochloric acid, the silica filtered off, washed 
.with hot water, thoroughly dried, ignited and weighed. 

* Ttiis rare iiiiini>ra1 vsriea in compnaition according to the local- 
It/ in whicli it is foaiid. All Bpecimeiia contain jttria, oxideEi nf 
oDrinni, iron and ailioa as thtt iiifjredienta, manjr, gluciua and 
amall qaaDtitiea of lim«, magiieaia and laanganeBe. 
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The solution ia neutralized by ammonia, clilonde of 
ammoniuiB added, and the yttria, together with oxides 
of cerium and lanthanum are precipitated by oxalate 
of ammonia. Crlucina, oxides of iron and manganese 
remain in solution, to be separated aflerwards. 

The filtered and washed mixture of the three oxal- 
ates is ignited to decompose the oxalic acid, the oxides 
dissolved in a very little hydrochloric acid, and the 
solution mixed with a hot saturated solution of sul- 
phate of potassa, which precipitates tbe oxides of 
cerium and lanthanum as a white double sulphate. 
After the lapse of twenty-four hours this is filtered off, 
and thoroughly washed with a saturated solution of 
sulpbate of potassa, in which it is perfectly insoluble. 
It is then treated as in No. 87. 

The yttria is then precipitated from the filtered 
solution by oxalate of ammonia. In order to separate 
the lime, it is dissolved in hydrochloric acid, and pre- 
cipitated by ammonia. 

In order to detect the presence of glucina in yttria, 
it is necessary, since the latter cannot be extracted by 
caustic'potaBsa, to mix the precipitate with pure sugar, 
and to carbonize the mass in a platinum crucible; it ia 
then ignited in a stream of dry chlorine-gas, when the 
chloridi! of glucinum sublimes, and the chloride of 
yttrium remains in the carbonized mass. 

The following method* has been proposed for the 
separation of yttria and erbia : — 

The precipitate formed by oxalic acid, in the 
solution obtained by heating gadolinite with hydro- 
chloric acid, oontains the oxalates of erbium and 
yttrium, besides those of calcium, cerium, lanthanum, 
and didymium, with traces of oxalate of manganese 
and silica. These oxalates are converted into nitrates ; 
the solution is treated with sulphate of potassa, with 

* Method Bahr and Bonsaa. 
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the usual precaution (i, 831), to separate the cerium 
metals; the erbium and yttrium, which still remain in 
solution, are again precipitated bj oxaiic acid ; the 
oxalates are ignited; and the residual oxides, afler being 
carefully freed from admixed carbonate of potaasa by 
boiling with water, are dissolved in nitric acid, and 
again precipitated from the acid solution by oxalic 
acid, this series of operations being repeated till the 
solution of the mixed earths in nitric acid, when ex- 
amined in the spectral apparatus, no longer exhibits 
the absorption -bands characteristic of didymium. The 
last portion of calcium and magnesium are separated 
by precipitating the acid solution of the mixed earths 
with ammonia, the calcium and magnesium then re- 
maining in solution; the precipitate is dissolved in 
nitric acid; and the solution, now containing nothing 
but erbia and yttria, ia precipitated by oxalic acid. 
, To separate erbia arid yttria, the oxalates are con- 
verted into nitrates; the solution is evaporated in a 
platinum dish, till the first bubbles of nitrous acid 
make their appearance ; and the dish is quickly cooled 
by placing it in cold water, whereupon the viscid mass 
solidifies to an extremely brittle glass. On dissolving 
the mass in a quantity of warm water just sufKcient 
to prevent the solution from becoming turbid on 
boiling, nitrate of erbium, still containing yttrium, 
separates on slow cooling in needles, which must be 
separated from the mother liquor by decantation and 
quickly rinsed with water containing about three per 
cent, of nitric acid. This mother liquor, treated in a 
similar manner, yields a second crop of crystals of 
nitrate of erbium containing yttrium; the mother 
liquor of this yields a third crop, and so on, the pro- 
portion of nitrate of yttria in the successive crops of 
crystals continually increasing. By mixing a certain 
number of the earlier and comparatively pure crops of 
crystals, and treating them in a similar mannerj pro- 
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ducts are obtained of still greater purity ; and by re- 
peating this mode of treatment several times, nitrate 
of erbium ia ultimately obtained containing no appre- 
ciable quantity of yttrium. 

Pure erbia obtained by ignition of the nitrate or 
oxalate, has a faint rose-red color (not yellow, as stated 
by Mosander). It does not melt at the strongest white 
heat, but aggregates to a spongy mass, glowing with an 
intense green light; which, when examined by the 
spectroscope, exhibits a continuous spectrum inter- 
sected by a number of bright bands. Solutions of 
erbium-salts, on the other hand, give an absorption- 
spectrum exhibiting dark bands, and the points of 
maximum intensity of tbe light bands in the emis- 
sion-spectrum of glowing erbia coincide exactly in 
position with the points of greatest darkness in the 
absorption-spectrum. The position of these bands is 
totally different from those in^ the emission and ab- 
sorption-spectra of didymium; in fact there is not a 
single line of the erbium-spectrum which corresponds 
with that of didymium. 



89. THORITE.* 

ThOySiO,+2HO. 

The finely-powdered mineral gelatinizes entirely 
with concentrated hydrochloric acid. The solution is 
evaporated to dryness, the silica filtered of^ the filtrate 
highly concentrated by evaporation, and mixed with 

* This black, ftmoTphons mineral, from Lovon, oenr Brevig in 
Norva7, ia tftkeu here, without regard to its rarit7, as an example 
of B compound of tboria, in order to direct attention to the deluc- 
tion of this earth, which toaat certainly oceur more frequently. 
Tbe orange-color«d onutgite of Brevig haa a similar aomposition. 
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a boiliDg saturated solution of Bulplate of potassa. 
In thia way all the tboria, like tbe oxides of the ceriam- 
class, is precipitated as a white pulverulent double 
salt. After cooling, this is filtered oft) and washed 
with a saturated solution of sulphate of potassa. There 
remains in the solution the unessential elements of the 
mineral, iron, manganese, lime, magnesia, alumina, and 
the alkalies. It is then dissolved in boiling water and 
the alumina precipitated by caustic potassa. 

After ignition, thoria is white, and has a spec. grav. 
of 9.4. It can only be dissolved in hot concentrated 
sulphuric acid. The hydrate of thoria is insoluble in 



Chloride of thorium is fusible, and may be sublimed. 

Sulphate of thoria dissolves but slowly in water. 

When the solution is heated, a tissue of fine crystalline 

needles separates, consisting of salt containing less 

water, which is very sparingly soluble. 



90. TRIPHYLITE. 
8 (FeO, MnO, MgO, LiO) PO,. 
Besides the principal constituents this mineral con- 
tains small quantities of silicic acid, lime, potassa, and 
soda. For analysis it is dissolved in hot nitric acid, 
the silicic acid filtered oft) a few grains of mercury 
dissolved in the filtrate, evaporated to dryness on the 
water-bath, moistened with water, and again evaporated 
to drive off all the free acid. The mass is then lixiviated 
with hot water, which dissolves all the bases, the phos- 
phoric acid remaining in the residue. Thia is fused 
with carbonate of soda and potash, as in the case of 
apatite. The alkaline phosphate is dissolved in water, 
the oxide of iron filtered off, and the phosphoric acid 
precipitates as a double salt of magnesia. 
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The solation whicli contsins the bases, is evaporated, 
aoJ heated to a dull red heat to drive off the quick- 
silver. The mass is then treated with a eolation of 
nitrate of ammonia to dissolve the lime and magnesia, 
and the oxides of iron and manganese are separated by 
filtration, the latter are washed and added to the first 
portion containing oxide of iron, dissolved in hydro- 
chloric acid, and treated as in Ko. 25. 

From the solution which contains the alkalies, mag- 
nesia, and lime, the latter are precipitated by adding a 
email excess of oxalate of ammonia, the liquid filtered, 
concentrated by evaporation, and the magnesia pre- 
cipitated and also washed by a mixture of caustic and 
carbonate of ammonia. The filtered eolation is evap- 
orated to dryness, the mass heated to decompose the 
nitrate of ammonia, and the alkaHne nitrates treated 
with a mixture of equal parte of alcohol and ether, in 
which the nitrate of lithia dissolves. The mixture of 
nitrates of potassa and soda are heated with chloride of 
ammonium to convert them into chloride, and then 
separated by chloride of platinum. 

The lithia may be separated from both the other 
alkalies by precipitating as SLiO, FO^ The solution 
is mixed with phosphate of soda, and evaporated to 
dryness, being kept slightly alkaline, by the addition 
fromlime to time of pure caustic soda. The mass is 
then dissolved in the smallest possible quantity of 
water, mixed with an equal quantity of ammonia, 
allowed to stand for twelve hours, filtered, and the pre- 
cipitate carefully washed with ammonia. If the filtrate 
is evaporated to dryness, some lithia-salt separates. 

Magnesia may also be separated from lithia by add- 
ing hot saturated baryta-water to a solution of the 
chlorides. The lithia is then converted into a sulphate, 
and as such weighed. 

In order to obtain the lithia. the coarsely-powdered 
mineral is dissolved in concentrated bydroghlorio acid, 
15 
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with gradual addition of nitrio acid; the solution ia 
beatedjto insure the conversion of all protoxide of iron 
into Besquioxide, and poured off from any eztraneona 
mineralB which generally remain undissolved. It is 
then evaporated completely to dryness, being constant- 
ly stirred towards the last, and the mass heated until 
all free acid is evaporated. It is then finely powdered, 
boiled oat with water, and the solution filtered. This 
now contains not a trace of iron, which remains undis- 
solved as white phosphate, but only chloride of lithium, 
mixed with the ohlorides of manganese, magnesium, 
and sodium. In order to precipitate the two former, 
together with a small quantity of phosphoric acid 
which may be present, the solution is mixed with pure 
hydrate of lime, and boiled, with access of air until 
all the hydrate of protoxide of manganese is con- 
verted into the brown sesquioxide. All the lithia re- 
mains in the solution ; it is filtered off, and the dis- 
solved lime precipitated by a mixture of carbonate of 
ammonia and free ammonia. After filtration, the solu- 
tion is evaporated, and the chloride of lithium heated 
to fusion in a porcelain crucible. 

The chloride of lithium still contains chloride of 
sodium, which is separated by digesting the mass with 
a mixture of alcohol and ether, which dissolves the 
chloride of lithium, and leaves the chloride of sodium 
undissolved. Or the impure chloride of lithium may 
be converted into carbonate by dissolving it in the 
smallest possible quantity of concentrated ammonia, 
and placing in the solution, which should be kept as 
cold as possible, fragments of carbonate of ammonia. 
The precipitated carbonate of litbia is filtered off and 
washed with alcohol. 

Pure chloride of lithium is easily fusible; it im- 
parts to the flame of alcohol a dark carmine-red color ; 
when soda is present, the color is rather orange-red. 
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The Triphylite contains more than 7 per cent, of 
lithium and more thao 44 per cent, of phosphoric acid. 



91. TITANITE (8PHENE). 
(CaO+TiO^SiO,. 

This mineral, even in the state of very fine powder, 
is only attacked with diificulty, and at beat incom- 
pletely, hy hydrochloric oi sulphuric acid. 

It is belter to heat it in a platinum capsule with bi- 
sulphatc of ammonia, gradually raising the temper- 
ature, with constant stirring, til! the salt fuses; the 
heat is finally increased to ignition. A little dilute 
sulphuric acid is then added, and heat again applied 
until the acid begins to volatilize. When the mass is 
perfectly cOld, it is mixed with water, the silicic acid 
filtered off, and the sulphate of lime thoroughly 
washed. 

From the solution, the titanic acid is precipitated in 
the cold, together with the small quantity of sesqui- 
oxide of iron, by ammonia, the solution filtered rapid))', 
with as little exposure to air as possible, and the lime 
precipitated by oxalate of ammonia. 

The titanic acid containing iron is dissolved in hy- 
drochloric acid, the solution diluted and carefully 
neutralized as completely as possible, decomposed by 
hyposulphite of soda, and heated to ebullitioD. The 
titanic acid is precipitated and ignited. 

Another method {in which, however, the silicic acid 
is determined by loss) consists in decomposing the 
mineral by concentrated hydrofluoric acid. The mass 
is afterwards mixed with concentrated sulphuric acid, 
heated until all the tetrafluoride of silicon and most of 
the sulphuric acid are expelled, mixed once more 
with concentrated sulphuric acid, and heated until it 
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begins to evaporate. The whole may then be dissolved 
by adding a sufficient quantity of water. 



92. MENACCANITE. (TITANIC IRON.*) 
(Ti, Fe), Oj. 

For tlie analysis of this mineral, and for the pre- 
paration of pure titanic acid, various methods are 
employed. The iron dissolves in concentrated hydro- 
Fig. 18. 



chloric acid but very slowly. When the levigated 
powder is ignited in hydrogen-gas, the iron is reduced, 

• Titanic Iron occnri in considerable qnantity at KragerSe In 
Homay, also in fine nryatals in Orange Co., M. Y. Moat Tarietloa 
oontaiu uagneais and mangauose. 
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and may be extracted by hydrochloric acid; the 
reduction, however, requires a very long time and an 
intense red heat, and, after all, the titanic acid is not 
free from iron. The following methods are more 
eiBcient :-:— 

I. The very finely-powdered mineral is fused in a 
platinum crucible, placed within an earthen crucible, 
■with 3 parts of carbonate of potassa ; the fused mass 
is powdered, and dissolved in a platinum capsule, in 
the requisite quantity of dilute hydrofluoric acid. 
IHtano-fluoride of potassium is thus produced, which is 
sparingly soluble, and crystaliizes readily, while most 
of the sesquioxide of iron is separated free from 
titanium. The mixture is heated to boiling, so much 
water being added as ia requisite to dissolve all the 
salt, and filtered while boiling hot; glass vessels may 
now be employed, provided an unnecessary excess of 
hydrofluoric acid has been avoided. On cooling, the 
greater part of the salt separates in lustrous crystalline 
scales. It is filtered ofT, pressed, washed once or twice 
with cold water, and purified completely by recrystal- 
ligation from boiling water. 

The sesquioxide of iron is washed, the washinga 
mixed with the mother-liquor from the salt, and with 
the washings from the latter, and the dissolved sesqui- 
oxide of iron, together with very little titanic acid, 
precipitated from the mixed solution, in the cold, by 
dilute ammonia. The precipitate must be filtered off 
immediately, for otherwise the titanic acid also begins 
to separate. The filtrate ia then heated to ebullition, 
when all the titanic acid is precipitated as white 
titanate of ammonia. In the same manner the titanic 
acid may be obtained from the crystallized titano- 
fluoride of potassium previously separated. 

The titanate of ammonia is easily soluble in hydro- 
chloric acid, and, at a red heat, is converted, with incan- 
descence, into pure titanic acid. 
16* 
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II. The finely-powdered mineral is fused with at 
least 6 parts of bisulphate of potassa in a platinum 
crucible, until it is completelj dissolved; the fused 
mass, -when cool, ia powdered and dissolved in cold 
water.. 

This solution has the peculiarity, when long boiled, 
of depositing the whole of the titanic acid, which ia 
not, however, quite free from iron. 

In order to obtain it perfectly free from the latter 
metal, the sesquioxide of iron and titanic acid are 
precipitated by ammonia, the clear solution decanted 
iVom the precipitate, and the latter treated with an 
excess of sulphide of ammonium, which converts all 
the iron into black sulphide. After standing for 
several hours, the mixture is diluted with water, the 
clear liquor decanted, and the precipitate washed once 
or twice by decantation. 

It is afterwards mixed with sulphurous acid, when 
it immediately becomes white, since the sulphide of 
iron dissolves in the form of dithionate of protoxide of 
iron. The titanic acid is filtered off, washed and 
ignited, a fragment of carbonate of ammonia being 
held in the crucible to expel any sulphuric acid. 

A little more titanic acid separates from the filtrate 
on standing for some time, and on gently heating. 
The iron, when converted into aeaquicbloride by 
chlorine, or by heating with hydrochloric acid and 
chlorate of potassa, may be precipitated from the 
solution of ammonia. 

III. The most accurate method of separation of 
sesquioxide of iron from titanic acid consists in 
decomposing the diluted solution from No. II. by 
hyposulphite of soda. The titanic acid alone is pre- 
cipitated, which is then ignited. 
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TiOy 

In order to obtain pure titanic acid from rutile, tbe 
same method may be employed as for titanic iron; the 
first procQBs is especially applicable to this purpose. 

Or the very finely-powdered rutile is fuaed in a 
platinum crucible with six times its weight of 
bisulphite of potassa. The mass must then dissolve 
completely in cold water. If the water is heated to 
ebullition the titanic separates, and by long continued 
boiling the precipitation is complete. Thus obtained 
it is nearly soluble in the acids. 

Another process consists in converting the titanic 
acid into bichloride. The very finely-powdered rutile 
is mixed with ignited lamp-black (IJ part of carbon 
for 5 parts of rutile) and so much starch-paate as will 
suffice to form a plastic mass. This ia moulded into 
cylinders about 1 or 2 inches long, and J of an inch 
thick, which are slowly dried. They are then 
thoroughly ignited in a covered crucible, and, while 
hot, before they have absorbed any moisture, intro- 
duced into a tube of porcelain or of hard glass, A stream 
of dry chlorine is passed in at one eud of the tube, 
while the other opens into a cooled receiver furnished 
with an egress-tube. As soon as the apparatus is filled 
with chlorine, the tube is heated to bright redness, 
and the separation curried on till no more drops of 
bichloride of titanium distil over. The carbonic 
oxide and excess of chlorine are passed into a small 
quantity of alcohol, which absorbs the latter. 

The bichloride of titanium, which has a brown 
color due to sesquichloride of iron, is poured into 
a small tubulated retort containing some mercury or 
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bright copper-turninga; the neck of the retort is 
drawn out to a point, which ia bent downwards. When 
the bichloride of titanium has been left for some time 
in contact with the metal, it is distilled off by gentle 
ebullition, and immediately received in tubes, which 
are afterwards hermetically sealed. 

In order to prepare pure titanic acid from the 
bichloride, it is gradually mixed with water, avoiding 
all rise of temperaturCr which would render the 
solution turbid, and the titanic acid precipitated by 
ammonia. 

Pure ignited titanic acid is white, frequently with a 
tinge of yellow. Daring ignition it has a lemon- 
yellow color. When exposed to a very high degree 
of heat it becomea brownish. It is then perfectly 
insoluble in hydrochloric acid. By long digestion 
with concentrated sulphuric acid, it is dissolved. 



94. CULUMBITE. (NIOBITE.)* 
(FeO,MnO)(CbO,TaO,.) 

The mineral is not decomposed by acids. It is best 
decomposed by fusing it in the form of a levigated 
powder, with 6 parts of biaulphate of potaasa, in a 
platinum crucible. The salt is first fused by itself, 
allowed to solidify, the powdered mineral thrown upon 
it, and the two gradually fused together. The fusion 
is continued until the mineral has entirely dissolved. 

The mass is afterwards repeatedly boiled with 
water, and the undissolved hydrated acids filtered off 
and washed. It still contians sesquioxide of iron, and 
commonly also a small quantity of binoxide of tin and 
tungstic acid. 

BmsU quantitieaor SaO,, 
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The acids are now digested witb aulphide of ammo- 
nium, which dissolves the two latter and converts the 
sesquioxide of iron into sulphide, which imparts a 
black color to the acids. This may be effected upon 
the filter itself, if the stem of the funnel be passed air- 
tight into a flask; the funnel should be kept as closely 
covered as possible afler the mass npon the filter has 
been carefully mixed with sulphide of ammonium* 

After washing, very dilute hydrochlorio acid is 
allowed to flow over the mass upon the filter, when 
the sulphide of iron is dissolved, and the acids again 
become white. They are then washed, dried, and 
ignited, when the sulphuric acid with which they are 
combined is volatilized, which may be eftected with 
greater rapidity and certainty if a fragment of car- 
bonate of ammonia be held in the closed crucible 
during ignition. 

The stannic and tungstio acids may be separated 
with more certainty by fusing the columbic and tanta- 
lic acids with three times their weight of alkaline car- 
bonates and sulphur, leached, washed with sulphide of 
ammonium, and treated as above. 



95. TANTALITB. 
(FeO, Mn03 TaO,. 
The analysis is made in the same manner as that of 
columbite. 

The tanlalic acid, TaOj, is white, even at a red heat, 
sp. gr. 7.9. Heated to redness it becomes insoluble 
in concentrated hydrochloric and sulphuric acids. 
Fused with caustic potaasa or soda, it behaves like 
niobic acid. The soda-salt may be crystallized. In a 

* Tin and tan);gteii maj be preoiplt&ted bj dilate salplinHo aofd 
*B snlpbldaa, whEoh are coiivertHd in oxidus by roasting, ir the 
mass ia ignited !n li jrlrogen, tbs redaced ziuo xatty be eitraoWd bjr 
eonti«utrated h^drouliloric acid. 
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solution of this salt it may be precipitated by acids; 
for example, aulphuric. If precipitated by hydro- 
chloric acid, it is soluble in an excess, although not 
wholly. With zinc it gives a pale blue color, which 
becomes very bright if the solution of the bichloride 
of taotalum in sulphuric acid is mixed with a little 
water and zinc placed in it. The blue color does not 
change to brown. Fosed with salt of phosphorus it 
remains colorless in the inner flame, and also when 
ignited in hydrogen gas. 

The chl(mde of (anlalum, prepared in the same 
manner as chloride of columbium, is pure yellow, 
easily fused, volatile, forms a crystalline sublimate. 
Water transforms it into hydrated tantalic acid and 
hydrochloric acid, which does not retain it in so- 
lution. 

If the tantalic acid contains titanic acid, by convert- 
ing it into the chloride, a very fuming liquid bichloride 
of titaniutn is formed. By fusion with bisulphate of 
potassa the separation is incomplete. 



96. WOLFRAMITE. 
(MnO, FeO), WO,. 
I. In order to effect merely a qualitative separation, 
for obtaining tungstic acid, the very finely-powdered 
mineral is digested with a mixture of concentrated 
hydrochloric acid and about J of nitric acid, until it is 
converted into yellow, pulverulent tungstic acid. This 
is filtered off, washed, dissolved in ammonia,* the solu- 

♦ By this trestraent, there la left nndissolved, bealdeg the nnde- 
coniposed particles o! miner&l which liare not been finely poirered, 
a white gnbstanfe, ooufliatiag of siliea and niobic scii), of whicli 
latter the wolfram suiitaina about 2 per cent. Id order to remove 
the silica, it la repeatedly eraporated with hydrofluorio and bdI- 
phnric acids, then fuaiid with biaulphate of potasaa and farther 
treated ss directud for eolnmbite. 
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tion filtered, and evaporated to crystallization. On 
igniting the salt in the air, pure yellow tnngstic acid is 
left. 

Or 3 parts of the mineral, very finely powdered, may 
be mixed with an equal quantity of carbonate of 
potassa, or f dry carbonate of soda, the mixture 
heated to redness for half an hour, and the tungstale 
of potassa which is formed, may be extracted from 
the cooled mass with water.* 

Pure tungstic acid may be obtained from this 
solution by boiling, and adding drop by drop hydro- 
chloric acid or nitric acid, not too dilute, until there is 
a small excess. From the solution neutralized with 
hydrochloric acid, tungatate of lime may be pre- 
cipitated by chloride of calcium which may be decom- 
posed, after washing, by boiling hydrochloric acid. 

If very finely -powdered tungsten, with an excess 
of chloride of calcium, is kept in a state of fusion for 
some time, and the cooled mass dissolved in water, 
small brilliant octahedral crystals of tungatate of iime 
are obtained. 

If tungstic acid is gently ignited in a stream of 
hydrogen, a blue tungstate of the oxide of tungsten is 
formed, with a stronger heat, brown oxide, and a still 
higher temperature, metallic tungsten as a gray 
crystalline powder, 

II. For quantitative analysis, the levigated mineral 
is digested with a mixture of 4 parts of concentrated 
hydrochloric acid and I part of nitric acid, until it is 
completely decomposed; the solution is then evapo- 
rated to dryness, wbich operation should be finished on 
the water-bath, the chloride of manganese and sesqni- 

* I( the Bolnlion la green from tbe preseaoa of ft mangan&te. It 
may be decomposed by adding a littlu ammonia and. warmiug. 
On dieaolviug the residual prolo-fiesqiiloiiides of iron and manga- 
DeBH or tbe metallio sulphides obtained as aliore mentioned in 
ooDceutrated bydrooblurio aoid, coluiiibio acid ramsiua behind. 
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chloride of iron diBsolved out, the tungatic acid filtered 
ofi, washed with alcohol, dissolved in ammonia, sepa- 
rated by filtration from the oolumbic acid, the solatioa 
evaporated, the residual ammonia-salt ignited with ac- 
cess of air, and the tungstic acid weighed. 

The filtrate, containing alcohol, is evaporated to 
expel the latter, diluted with water, and the oxides of 
manganese and iron separate as in No. 25. They 
usually contain a little lime. 

Or the levigated mineral is ignited in a platinum 
crucible, with S parts of carbonate of potassa, the 
mass dissolved in water, the residual oxides thoroughly 
washed, the solution neutralized with nitric acid, and 
the tungstic acid precipitated by nitrate of suboxide 
of mercury, the free nitric acid being afterwards 
neutralized with a few drops of ammonia, ao that a 
black precipitate begins to appear. The precipitate is 
thoroughly washed, a very dilute solution of nitrate of 
suboxide of mercury being used at last, since other- 
wise, the precipitate is liable to pass through the filter ; 
it is then dried and ignited, when pure tungstic acid 
is left. 

Or the solution of alkaline tungstates is neutralized 
with nitric acid, the tungstic acid precipitated by 
acetate of lead, with addition of a few drops of ammo- 
nia. The washed precipitate is decomposed by diges- 
tion with sulphide of ammonium, which dissolves all 
the tungsten as a sulphide. The filtrate from the 
sulphide of lead is evaporated to dryness, the mass 
carefully oxidized with nitric acid, and again evapo- 
rated to dryness and ignited. 

The mixture of the oxides of iron and manganese is 
dissolved in concentrated hydrochloric acid, which 
usually leaves undissolved a small quantity of tungstic, 
columbic, and silicic acids. The two oxides are then 
separated as in No. 25. 
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87. 8CHEELITE. 
CaO, WO,. 



The mineral, very fittely powdered, is digested witt 
concentrated nitrio acid, the mass evaporated nearly to 
dryness, mixed with alcohol, and filtered. The resi- 
dual yellow tungatio acid is washed with alcohol, 
ignited and weighed. The alcohol is expelled from 
the solutioa by evaporation, the latter neutralized with 
ammonia, and the lime precipitated by oxalate of am- 
monia. 



98. WULPENITE (HOLYBDATK OF LEAD). 

PbO, MoO,. 

Several methods are employed for obtaining the 
molybdic acid from this mineral. 

I. In order to remove the carbonates of zinc and of 
protoxide of iron, the finely-powdered ore is treated 
for some time, and frequently agitated, with dilute 
hydrochloric acid ; it is afterwards washed by decan- 
tation, and decomposed by boiling concentrated hydro- 
chloric acid. The mixture is then evaporated to 
dryness, the residue powdered, and digested with am- 
monia. Insoluble basic chloride of lead and molybdate 
of ammonia are thus formed; the solution containing 
the latter is filtered ofij and evaporated to crystallization. 
The mother-liquor from the crystals, or even the entire 
solution, may be mixed with nitrie acid, evaporated to 
dryness, and the residue extracted with water, when 
the molybdic acid ia left. 

II. The powdered ore is fused with au equal weight 
of dry carbonate of soda, the fused mass poured out, 
taking care to separate it as far as possible from the 
oxide of lead which has settled at the bottom, and dia- 

16 
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Golved in hot water; the small quantity of lead 
carried into eolation is precipitated from the latter, 
while hot, by a mixture of ammonia and carbonate of 
ammonia, the solution filtered, acidified with nitric acid, 
evaporated to dryness, the nitrate of Boda extracted 
from the masa with water, and the molybdic acid tho- 
roughly washed, ~ 

III. In order to avoid the perforation of the crucible, 
which occurs frequently in this process, the ore may 
be fused with an equal weight of carbonized bitartrate 
of potassa, when the lead separates in the metallic state, 
without any reduction of molybdic acid taking place. 

IV. The powdered ore is fused with an equal weight 
of calcined bitartrate of potassa and as much sulphur ; 
the sulphomolybdate of potassa thus produced is dis- 
solved in water, and the sulphide of molybdenum 
precipitated from the solution by dilute sulphuric acid. 
When this precipitate is washed, dried and ignited in 
a covered crucible, it leaves a crystalline gray sulphide, 
from which molybdic acid may be prepared by the 
method employed in treating molybdenite. 

Also by heating the finely pulverized mineral with 
caustic soda and sulphur, which converts the molybdic 
acid into a sulphide, which is then precipitated by an 
acid as MoS,. There still remains in solution some 
molybdenum which may be precipitated by hydro- 
sulphuric acid, 

V. The finely powdered mineral is digested, with 
constant stirring, with 1 J parts of concentrated sulphuric 
acid, until it is perfectly white. The heat is then 
raised to incipient volatilization of sulphuric acid the 
mixture allowed to cool, and the blue pasty mass stirred 
up with much water, in order to separate the sulphate 
of lead ; the solution containing the molybdic acid is 
decanted, filtered and evaporated in a porcelain dish 
with addition of some nitric acid, until the sulpu- 
ric acid begins to evaporate ; the mixture should be 
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coQstantly stirretJ, The molybdio acid is thns sepa- 
rated as a white precipitate; when the greater part of 
the sulphuric acid has been expelled, the mixture is 
diluted with water, the molybdio acid filtered off and 
well washed, water containing nitric acid being used 
towards the end. Some moje molybdio acid may be 
obtained by evaporating the filtrate and washings. It 
is free from phosphoric acid. 

If it contain any phosphoric acid, its ammoniacal 
solution, when acidified with nitric acid, and heated, 
becomes yellow and deposits a yellow powder. 

The molybdic acid may be obtained from molybdate 
of ammonia by gradually heating the salt, with free 
access of air. 

It is always obtained in a perfectly pure state by 
sublimation, for which purpose it ia heated in a plati- 
num crucible, which is covered with a platinum cap- 
sule kept full of water. 

For quantitative analysis, the pure crystallized 
mineral is finely powdered, completely decomposed by 



Fig. 18. 




digestion with nitric acid, the mixture neutralized with 
ammonia,. and digested with an excess of sulphide of 
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ammoninni. Ttie sulphide of lead which is thus 
formed, is filtered off from the dissolved inolybdate, 
washed with dilute sulphide of ammonium, dried at 
100°, aod weighed. From the solution, the sulphide 
of molybdenum is precipitated by dilate nitric acid, 
collected upon a filter, dried at 100", washed, dried, 
and weighed. A weighed portion of it is then intro- 
duced into a bulb-tube (Fig. 19), and heated in a 
stream of hydrogen until it loses no more salphur. 
Prom the weight of the residual MoS^ calculated for 
the total amount of the precipitate, that of the molyb- 
dic acid is ascertained. 



99. MOLYBDENITE. 
MoS^ 

The mineral in small fragments is heated in a tube 
of hard glass, through which a very slow stream of 
dry air is passed, forming sulphurous acid and molybdic 
acid, the latter subliming in colorless needle-shaped 
crystals. 

If a large quantity of the material is to be used, it 
is better to mix the finely powdered mineral with an 
equal volume of pure sand, and roast it at a red heat, 
frequently stirring it in the inclined crucible, until the'- 
smell of sulphurous acid ia no longer perceptible, and 
the mass has become yellow. 

The molybdic acid which has been formed is ex- 
tracted from the yellow mass thus produced, by diges- 
tion with dilute ammonia. The residue, should it still 
contain sulphide of molybdennm, is then again 
roasted. 

The filtered solution is mixed with one or two drops 
of sulphide of ammonium, to separate the copper, the 
precipitate filtered o3, the solution evaporated to dry- 
ness, the salt again dissolved in dilute ammonia, the 
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solution filtered from any impurities, and evaporated 
to crystallization, (See Molybdate of Lead.) 

The molybdic acid may also be precipitated from 
the solution of au alkaline molybdate neutralized with 
nitrie acid, by basic nitrate of suboxide of mercury. 
The yellow precipitate is allowed to subside, filtered 
oft washed with a dilute solution of the mercury-salt, 
dried and ignited, Molybdic acid may also be quan- 
titatively determined, by this method. The preei pitato 
is collected upon a filter {previously dried at 100° and 
weighed), dried at 100°, and a weighed portion of it 
gently ignited in a bulb-tube {Fig, 19), through which 
a stream of hydrogen is passed, when dark brown 
binoxide of molybdenum, MoO,, is left. 



100. BROWN IRON-ORE, CONTAINING VANADIUM. 

In order to extract the vanadium, the quantity of 

■ which does not amount even to 1 per cent., the finely- 
powered ore ia'intimately mixed with ^ its weight of 
nitre, and exposed, for an hour, in a crucible, to a 
gentle ignition. When cool, the mass is powdered and 
boiled with water. 

The filtered solution has a yellow color, and eon- 

■ taius the vanadates, chromatea (molybdatea ?), arsenates, 
phosphates, pitrites and silicates of potassa and alu- 
mina. 

It is gradually mixed, and well stirred, with nitric 
acid, taking care that it may still remain slightly alka- 
line and that no nitrous acid is liberated, which 
would reduce the vaaadic and chromic acids. The 
precipitate of alumina and silica thus separated is 
filtered oEf. 

The solution is then mixed with an excess of solu- 
tion of chloride of barium, as long as any precipitate 
1«« 
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is produced. The precipitate, consisting of the baryta- 
salts of the above-mentioned acida, is filtered off, 
washed and boiled while jet moist, with dilute Bulphurio 
acid, which must not be added in too great excess. 
The reddish-yellow acid filtrate is neutralized with 
ammonia, concentrated by evaporation, and a fragment 
of chloride of ammonium is placed in it. In propor- 
tion as the solution becomes saturated with chloride of 
ammoninm, vanadate of ammonia is deposited as a 
white or yellow crystalline powder, which is allowed to 
separate completely, filtereMl oS, and washed with a 
saturated solution of chloride of ammonium. When 
gradually heated with full access of air, it leaves dark 
red vanadic acid, " which fuses when heated more 
strongly, and solidifies, on cooling, to a very crystal- 
line mass. 

The solution obtained by lixiviating the mass after 
fusion with nitre, may also be mixed with sal-ammo- 
niac, and boiled, in order to neutralize the free alkali, 
and to precipitate silioa and phosphate of alumina, i 
This precipitate usually contains also vanadic acid, 
which may be converted into sulphide by fusion with 
an equal weight of carbonate of potassa and sulphur; 
the fused mass is extracted with water, and the brown 
sulphide of vanadium precipitated from the filtered 
solution by dilute sulphuric acid. 

If the iron-ore be reduced by fusion with borax 
{see Iron Assay), in a crucible lined with charcoal, a 
well-fused, crystalline regulus of iron is obtained, 
which contains vanadium, chromium, arsenic, phos- 
phorus, silicon, and carbon. 

Moreover, see Ash of the Befining-hearth. 



:,q,t,=cdbvGoOgle 



cbrouite:. 187 

101. vanadinitb. (vanadate of lead.) 

PbCl, + 3(3PbO,yO^. 

There exist some varieties of this mineral, at 
present very rare, which contain no chloride of lead. 

This mineral, when treated with nitric acid, first 
becomes red, then dissolves. If the solution be mixed 
with ammonia, and afterwards with an ' excess of 
sulphide of ammoninm, sulphide of lead is precipitated, 
and a dark red solution obtained, from which acids 
precipitate the dark brown sulphide of Tanadium. The 
precipitate is roasted in air, and afterwards converted 
into vanadate of potassa by fusion with a small 
quanlitj of nitre. Tbis salt is dissolved in a little 
water, and vanadate of ammonia precipitated from the 
solution by aal-ammoniac. (iSse No. 100.) 

The mineral is only imperfectly decomposed by 
Bulpburic acid. The decomposition, however, is com- 
plete if it be fused with bisulphate of potassa. On 
treating the mass with water, tbe lead remains behind 
as sulphate, while vanadic acid is dissolved. 

Or the mineral may be decomposed by a mixture of 
concentrated hydrochloric acid and alcohol, the chloride 
of lead is washed with alcohol, and the excess of acid 
evaporated from the blae solation of chloride of vaiia- 
dium. This solution is treated with an excess of 
caustic soda, and the oxide of vanadium is converted 
into vanadic acid by a current of chlorine gas. 



102. CHROMITB. (OH ROME-IRON-ORE.) 
FeO, CrA- 
I. For the mere qualitative separation, the very fine- 
ly powdered ore is fused for at least half an hour, at 
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~a bright red beat, with an equal weigbt of nitre nnd 
as mucb carbonate of potassa; from the fused mass, 
when cool, the chromate of potassa which has been 
produced is extracted with water. 

The residue, consisting of sesquioxide of iron and 
variable quantities of alumina and magnesia, is dis- 
solved in concentrated hydrochloric acid, which gen- 
erally leaves some undecomposed mineral, and the 
three oxides are then separated as in No. 81, 

The solution of chromate of potassa usually contains 
a little alumina, silica and manganic acid, to precipitate 
which, it is mixed with a little carbonate of ammonia 
and boiled. 

In order to obtain bichromate of potassa from this 
solution, it is acidified with nitric acid, concentrated by 
evaporation, and the salt allowed to crystallize out. 

The chromic acid may be precipitated as chromate 
of lead, by neutralizing the solution with acetic acid 
and adding acetate of lead. 

To separate the chromium as sesquioxide, the solu- 
tion, is acidified with sulphuric.! acid, sulphurous acid 
added till the solution has an emerald-green color, 
the sesquioxide of chromium precipitated by ammonia, 
washed and ignited. 

Or the yelloiv solution may be exactly neutralized 
with nitric acid, and the chromic acid precipitated by 
nitrate of suboxide of mercury. When washed, dried 
and ignited, the yellowish-red chromate of suboxide of 
mercury leaves a pure green sesquioxide of chromium. 

II. Chromite may also be quantitatively analyzed 
by the above process, the fusion being conducted in 
a platinum crucible, though it will be found that a 
quantity of ore will be left undecoraposed, varying 
according to the state of division to which it was re- 
duced. From the solution, after neutralization with 
nitric acid, the chromic acid is best precipitated by 
nitrate of suboxide of mercury ; the precipitate is 
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washed witb a dilute solution of that salt and if^nited. 
The following method is more certain. 

Tbe mineral, which should be powdered as finely as 
possible and weighed, is fused, in a platinum crucible, 
with four times its weight of bisulphate of potassa, care 
being taken that the mass, which froths up at first, 
may not run over the side of the crucible. Ultimately, 
it is heated to redness, and retained in fusion, at a red 
heat. For a considerable time. The salts formed are 
sparingly soluble in water and acids; the sesquioxide 
of chromium must therefore be converted into alkaline 
chromates, for which purpose there is added to the 
cooled mass, in tbe crucible, about twice its volume of 
a mixture of-equal parts of nitre and carbonate of soda. 
The mass is then heated to complete friBion. 

On cooling, the chroraate of potassa is extracted 
with hot water, the residue of eesquioxide of iron, alu- 
mina and magnesia, thoroughly washed, dissolved in 
concentrated hydrochloric acid, and analyzed as in No. 
81. 

The solution of chromate of potassa is acidified 
with hydrochloric acid, heated to ebullition, and al- 
cohol added to the boiling solution until it has acquired 
an emerald-green color, when the sesquiozide of chro- 
mium is precipitated by ammonia, ignited and weighed. 



103. CHBOUATE OF LEAD. 

PbO, CrOy 

(Chrome-yellow, often adulterated with white clay, 

with BaO, S0„— CaO, C0„— CaO, SO,, or with PbO, 

SO,.) 

I. Pure chromato of lead should give the quantities 
of oxide of lead and, chromic acid calculated from the 
formula. 
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For analysis, it ia digested with a mixture of fuming 
hydrochloric acid and alcohol, when a green solution 
of aeaquichloride of chromium is produced, the lead 
remaining undissolved as a white chloride. The latter 
is collected upon a filter, dried at 100°, washed with 
alcohol, and dried at 100°. The solution is diluted 
with water, evaporated to expel the alcohol, and the 
seaquioxide of chromium precipitated by ammonia; the 
liquid is beated' to ebullition, the precipiute filtered 
ofli ignited and weighed. 

II. For mere qualitative analysis of a specimen of 
chrome-yellow mixed with the substances mentioned 
above, it ia treated as before, with alcohol and hydro- 
chloric acid, as little aa possible of the latter being 
employed, in order that the clay may remain un- 
touched. 

From the solution, the seaquioxide of chromium ia 
precipitated by ammonia ; it always, however, carries 
down some lime. 

In order to separate them accurately, they must be 
precipitated together, from the hot solution, by a mix- 
ture of ammonia and carbonate of ammonia. After 
drying, the precipitate is fused with three times its 
weight of a mixture of carbonate and nitrate of potassa, 
and the fused mass treated with water, which dissolves 
the chromate of potassa, and leaves the carbonate of 
lime. 

Or the precipitate, while yet moist, may be digested 
with hypochlorite of eoda, which dissolveB the seaqui- 
oxide of chromium, as chromate of eoda, leaving the 
carbonate of lime undissolved. The solution is then 
beated to ebullition, in order to decompose any bi- 
carbonate. 

From the residue, which may consist of the sul- 
phates of lime, baryta, and lead, the first may be 
entirely extracted by washing with water, or with a 
solution of common salt or of sal-ammoniac, iu which 
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it is far more soluble. In the solution, either the sul- 
phuric acid is precipitated, by a baryta-salt, or the lime 
by an oxalate. 

The sulphate of lead is extracted from tbe residue 
by digestion with tartrate of ammonia containing free 
ammonia, and the lead precipitated from the solution by 
sulphuretted hydrogen or chromate of potassa. 

The mixture of clay and sulphate of barytii which 
remains at last, is heated with concentrated sulphoric 
acid until the forester excess of the latter has been 
expelled, when the sulphate of alumina is extracted 
with water, and tbe alumina precipitated by ammonia. 

In order to extract the silica from the residue, 
which contains also sulphate of baryta, it is boiled in 
a concentrated solution of carbonate of soda, in which 
the silica is dissolved and may be reprecipitated by 
sal-ammoniac. The residue consists of carbonate of 
baryta mixed with more or less undecomposed sul- 
phate of baryta. (See No. 16.) 

A good method of determining the amount of 



Fig. 20. 




chromic acid (and therefore of chromate of lead con- 
tained id a specimen of commercial chrome-yellow, 
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consists ia reduciog the chromic acid to the state of 
sesquioxide of chromiam bj means of oxalic acid, 
and in determining the quantity of carbonic acid pro- 
dnced. 

This may be e^cted in the same way as the testing 
of manganese-ores in an apparatus (Fig. 20) arranged 
for the quantitative determination of carbonic acid, the 
weighed chromate of lead being mixed with oxalate of 
potassa, and sulphuric acid allowed to Sow upon it. 
10 parts by weight of carbonic acid indicate 7.6 parts of 
chromic acid, or 24,6 of pure chromate of lead. Hence, 
100 parts of pure chrome-yeUow should give 40.4 of 
carbonic acid. 



104. UBANINITE. 
UO, U,0„ 
(together with various extraneous substances, in varia- 
ble quantities, including silica, iron, nickel, cobalt, zinc, 
copper, bismuth, lead, manganese, arsenic, antimony, 
sulphur, lime, and manganese ; sometimes also selenium 
and vanadium). 

PRRPAEATION OF POKB SEaQDlOXIDB OF UbANIOH. 
— The finely -powdered ore is digested with moderately 
dilute sulpbunc acid, with gradual addition of nitric 
acid, until it ia converted into a white powder, and 
partly dissolved. The greater excess of sulphuric acid 
IS then evaporated, the mass digested with much water, 
and the cold solution, after subsidence of the residue, 
filtered offi 

The residue consists of silica, sulphate of lead and 
basic sulphate and arsenate of bismuth. 

The solution ia then heated to about 60°, and sul- 
phuretted hydrogen-gas passed through it, at this 
temperature, for some time ; the solution is afterwards 
allowed to cool while the gas is still passing, and, when 
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fully saturated, set aside in a covered vessel for twenty- 
four hours. The sulphuretted hydrogen la then ex- 
pelled by a gentle beat, and the precipitate filtered off". 

The precipitate contains arsenic, antimony, copper, 
and the rest of the lead and -bismuth. 

The solution is then heated to ebullition, and fuming 
nitric acid gradually added to the boiling liquid, until 
all the protoxide of iron is reconverted into sesquioxide, 
and the solution has acquired a pure yellow color. 
It is then precipitated by an excess of ammonia, and 
the yellowish-brown precipitate filtered off. 

Part of the nickel, cobalt, zinc, lime and magnesia 
remain in solution, but the remainder is precipitated 
together with the sesquioxides of uranium and iron. 

The washed precipitate ia treated with a hot, pretty 
strong solution of carbonate of ammonia containing 
free ammonia, with which the precipitate is digested, 
at a moderate heat, until it has the appearance of hy- 
drated sesquioxide of iron. The solution of uranium 
is rapidly filtered ofif, while hot, and the residue of 
hydrated sesquioxide of iron (still containing uranium) 
is washed, the washings being received apart from the 
filtrate. 

The solution (which is yellow, or colored reddish 
by the cobalt) deposits on cooling, if sufficiently con- 
centrated, crystals of the pure double carbonate of 
ammonia and sesquioxide of uranium, which may be 
collected, and washed several times with oold water. 
When ignited, this salt leaves pure dark green proto- 
sesquioxide of uranium. 

The mother-liquor is mixed with the washings and 
sulphide of ammonium carefully added, drop by drop, 
as long as it produces a dark brown precipitate, which 
is immediately filtered off. 

The precipitate consists of the sulphides of cobalt, 
nickel and zinc. 

The yellow filtrate is then boiled till the greater part 
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of ami^ioniacal snlt is volatilized, and all tlie aesqui- 
oxide of araniam precipitated. 

The pure yellow precipitate, tiranate of ammonia is 
filtered off, and, when the filtrate begins to paaa 
through turbid, washed with solution of sal-ammoaiac. 

When ignited, it leaves dark green proto-sesqui- 
oxide of uranium. By digesting this with dilute 
hydrochloric acid, any lime and magnesia may be 
extracted. 

Id order to prepare protoxide of uranium from the 
uraoate of ammonia, it is dissolved in hydrochlorio 
acid, the solution mixed with an excess of pure sal- 
ammoniac, and about an equal quantity of pure com- 
mon salt ; it is then evaporated to dryness, and the 
mass heated in a covered crucible until the sal-ammo- 
niac is volatilized, and lastly, until the common salt 
fuses. On dissolving it in water, the protoxide of 
uranium is left as a heavy crystalline powder. The 
common salt oaly serves to shield the oxide from the 
action of air. 

When the quantity is very small, the uranate of 
ammonia is calcined and the proto-sesquioxide is dis- 
solved in hydrochloric acid with a few drops of nitric 
acid; the addition' of chloride of potassium forms a 
substance U^ 0, CI + R CL It is evaporated to dryness 
and the yellow salt ignited in a current of hydrogen. 

In order to extract from the hydrated sesquioxide 
of iron the small quantity of sesquioxide of uranium 
which is chemically combined with it, it is dissolved in 
the smallest possible quantity of hydrochloric acid, 
the solution neutralized with carbonate of ammonia, 
and added, drop by drop, with constant stirring, to a 
mixture of carbonate of ammonia and sulphide of 
ammonium, when all the iron is separated as sulphide, 
and the sesquioxide -of uranium remains in solution ; 
the latter may be precipitated by boiling the filtrate. 

Or the sesquioxide of iron may be reduced ia a 
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stream of hydrogen, and the reduced pyrophoric 
mass allowed to fall, immediately, into dilate hydro- 
chloric acid, which dissolves the iroo, leaving the 
uranium a protoxide. 

In order to detect seleDinm, arsenic, and vanadium 
in pitch-blende, it is ignited with \ of its weight of a 
mixture of carbonate of soda and uitre. The sele- 
nates, vanadates and arsenates of the alkalies may thea 
be extracted with water. 



(Sulphate of lead, selenium, selenide of mercury, 
selenates selenites, &c.) 

The dry mass is rubbed to a thin paste with a mix- 
ture of about equal parts of sulphuric acid and water, 
and boiled for a long time, concentrated nitric acid or 
chlorate of potassa being added at intervals, to oxidize 
the free selenium, until all the reddish color has dis- 
appeared. 

The mixture is then diluted with water and filtered. 
The solution contains, besides iron, copper, mercury 
and a little lead, all the selenium as selenious and 
seleoic acids. It is mixed either with about as much 
common salt as amounts to half the weight of the 
deposit originally employed, or with ^ of its volume 
crude of fuming hydrochloric acid, and boiled down 
to about ^ of its original bulk. The hydrochloric 
acid reduces the selenio acid to selenious acid. 

On cooling, the solution is poured oft' from any 
sulphate of potaasa and common salt which may have 
been deposited; these are washed several times with 
water^nd the solution saturated with sulphurous acid 
gas, evolved from a mixture ot^powdered charcoal and 
concentrated sulphuric acid. 
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The selenium la tbus precipitated of a Bne red color. 
It9 separation is promoted by digestion, and ultimately 
by boiling for a quarter of an hour, when it becomes 
black, ana collects into a dense bard mass. It is well 
washed and dried. 

The filtered liquid is boiled once more with hydro- 
chloric acid, and again treated with sulphurous acid, 
in case it should still contain selenium. 

The selenium thus obtained contains still small 
quantities of lead, copper, and iron, and especially mer- 
cury. On distilling it in a small retort or bent tube 
closed at one end, the first-mentioned impurities are 
left behind as selenides. 

In order to free it from mercury, the distilled sele- 
nium is dissolved in aqua-regia, the greater exoeaa of 
acid evaporated, so that no nitric acid may remain, the 
solution mixed with excess of carbonate of soda, eva- 
porated to dryness, and the saline mass ignited to expel 
the mercury. 

The mass is redissolved in water, the solntioa boiled 
with hydrochloric acid, and the selenium again preci- 
pitated by sulphurous acid. 

Or the ignited mass may be mixed with about an 
equal weight of chloride of ammonium, and heated in 
a retort till the greater part of that salt has sublimed, 
when the selenium is reduced, and remains behind en 
dissolving the saline mass in water. 

The selenium may also be at once extracted, and 
obtained free from mercury, by fusing the deposit, 
with an equal weight of carbonate of soda and about 
\ of nitre, in a crucible. When the mass is in a state 
of tranquil fusion, it is poured out, so as to leave the 
oxide of lead, as far as possible, at the bottom of the 
crucible. It is then dissolved in water, the solution 
acidulated with sulphuric acid, the precipitat^ sul- 
phate of lead filtered off, and the filtrate treated, aa 
above, with hydrochloric acid and sulphurous acid. 
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It is necessary in this process that all tlie nitric acid 
from the nitre should either be expelled or decomposed, 
for otherwise part of the selenium will escape preci- 
pitation. 

Or the solution of the fused saline mass is saturated 
with hydrochloric acid, chloride of ammonium added, 
evaporated to dryness, and the mass heated in a retort 
until the chloride of ammojiiym begins to sublime, 
when all the selenium is reduced. 



106. SELENIUM SOOT." 
(Selenium with Selenides, Coal, Sand, &c.) 

The black mass is moistened with sulphuric acid, 
thoroughly washed, fully dried and distilled from a 
porcelain or bard glass retort, with a strong heat, until 
most of the selenium passed over nearly pure. 

The residue consisting of selenides, coal and other im- 
purities, is dissolved in hydrochloric acid with gradual 
addition of nitric acid, and while hot the copper 
and iron are precipitated by caustic soda, the solution 
filtered, and the selenium precipitated by saturating 
with sulphurous acid, or reduced by adding an excess 
of chloride of ammonium, evaporating to dryness and 
heating until the chloride of ammonium begins to sub- 
lime, when the alkaline salt is washed out. If the 
selenium is precipitated directly from the solution 
containing copper more or less of this metal is thrown 
down. 

In order to detect and separate the sulphur in the 
selenium, it is dissolved in very strong nitric acid, the 

* It coUeota In the chlmnsja where the copper ores ir« roasted 
■t M&iiartilcl. It aont&ind from 30 to 40 par cent, ol Releoiuni 
sftar it is irash«d and dried. 

IT* 
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solntion mixed with hydrochloric acid, heated for some 
time to boiling, and the sulphuric acid precipitated by 
chloride of barium. The excess of baryta in the fil- 
tered solution is then precipitated by sulphuric acid, 
aud afterwards the selenium by sulphurous acid. 

In order to prepare selenious acid, the selenium is 
dissolved io nitric acid, carefully evaporated to dryness, 
and the acid sublimed in a retort. 

To prepare selenic acid, the selenions acid is satu- 
rated with pure carbonate of copper and chlorine passed 
into it until all the selenious salt is diasolved. The 
solution is then again saturated with carbonate of cop- 
per, concentrated by evaporation, and the selenate of 
copper precipitated by alcohol, the chloride of copper 
remaining in solution. The precipitate islirstwashed 
with alcohol, then dissolved in water and the copper 
precipitated by sulphuretted hydrogen. 



107. CLAUSTHALITE. {8ELBNIDB OF LEAD.) 

PbSe. 

The analysis is best effected, like that of tetrahedrite 
(No. 63), by means of chlorine-gas (Pig. 21). After the 
deco 91 position, the bulb is again weighed, in order to 
ascertain the amount of lead present. The greater part 
of the selenium is volatilized in the form of the solid 
chloride; only a small quantity of the liquid chloride 
passes over at first. These are conducted into water, 
which is afterwards saturated with chlorine, in order 
to convert all the selenious acid into selenic acid ; the 
latter is then precipitated by chloride of barium, and 
the selenium determined as selenate of baryta; 100 
parts of the latter correspond to 28.2 of selenium. 
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If the metallic selenides are mixed or combined 
with the metallic sulphides, as, for example, io tbe na- 



tive selenide of merctirj which contains sulphide of 
mercury, the sulphuric acid and selenio acid formed in 
the analysis are precipitated together by chloride 
of barium, the precipitate ignited and weighed. A 
weighed quantity is then heated in a bulb-tube, through 
which a stream of dry hydrogen is passed, when the 
8elenat« of baryta is reduced, with great facility, to the 
state of selenide of barium, while the sulphate of baryta 
remains unaltered. The selenide of barium ia then ex- 
tracted with dilute hydrochloric acid. 

In the same way the other metallic selenides which 
occur as minerals may be analyzed, viz., the selenide 
of silver and lead, the selenide of cobalt and lead, 
and the selenide of mercury and lead. 

In order to obtain the selenium from the selenide of 
lead occurring in many places in the Hartz, the mineral 
is powdered, treated with dilute hydrochloric acid to 
remove the calcareous spar and spathic iron-ore, well 
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wasted and dried. It ia then very intimately mixed 
with an equal weight of carboaate of potassa contain- 
ing charcoal (calcined bitartrate of potassa), covered 
with coarse charcoal-powder in a crucible, the cover of 
which is then luted on, and exposed for an hour to a 
moderate red beat When cool, the mass, which contains 
all the selenium as selenide of potassium, is quickly 
powdered in a warm mortar, thrown oa a filter, and 
washed with well-boiled hot water, as long as the 
WRshingli are colored; during this operation, the funnel 
should always be kept full of water, so that the mass 
may not come in contact with the air. 

The yellowish-red solution of selenide of potassium 
begins immediately to deposit upon its surface a film 
of selenium, the whole of which separates, after some 
days, in the form of a thin reddish-black crust; only 
a small qoantity remains in solution in an oxidized 
state. It may afterwards be precipitated by heating 
the solution with sulphurous and hydrochloric acids. 

Since selenide of lead frequently contains selenide 
of silver, the carbonaceous mass remaining afler the 
extraction of the selenide of potassium may be fused 
with carbonate of potassa and some nitre, A metallic 
button of argentiferous lead is thus obtained, from 
which the silver may best be separated by onpellation. 



108. CAST-IEON. 

For the detection and estimation of the foreign sub- 
stances, the total weight of which does not usually 
exceed 6 per cent,, it is best to employ separate 
portions of iron. 

I, Cabbon. — The total amount of carbon may bo 
determined by burning the iron, in the state of very 
fine filings, with the aid of a slow stream of pure 
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oxygen, as in organic analysis; the carbonic acid 
which is produced being collected in a weighed potash 
bulb (Fig. 22). 

The whole amount of carbon may be determined 
more accurately by disaolving the iron in water, with 
5 parts of iodine. The residue is filtered through as- 
bestos and afterwards ignited in a current of oxygen 
gas. Or it may be heated in a proper apparatus with 
six times its weight of bichromate of potassa and an 
excess of moderately concentrated sulphuric acid, 
when all the carbon is converted into carbonic acid. 
The iron may be treated at once in a similar manner. 

Fig. 23. 




Another quantity of the iron-filings is dissolved in 
dilute sulphuric acid, when the combined carbon ia 
evolved in combination with hydrogen, while the 
graphite is left undissolved. In this operation, the 
gas may he conducted through a solution of acetate of 
lead, when the presence of sulphur is indicated by the 
precipitation of sulphide of lead. 

The residue insoluble in the acid is well washed, 
dried at 200°, and burnt, as above, in oxygen-gas. 
From the amount of carbonic acid, that of the graphite 
is calculated. 

II. SiLicoN,^ — The residue from the first carbon- 
determination, which contains all the silicon in the 
form of silioic acid, is dissolved in concentrated hydro- 
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chloric acid, the solution evaporated to drynesa on the 
water-bath, the mass digested with dilute hydrochloric 
acid, and the silicic acid filtered off. 

III. Phosphorus. — From the solution filtered from 
the silica, the phosphoric acid is separated m in 
No. 22. If the iron contain arsenic, it is obtained as 
arsenic acid, together with the phosphoric acid. 

Or a larger quantity of iron is disaolyed in aqua- 
regia, precipitated with ammonia, filtered, dried without 
washing, mixed with about an equal portion of car- 
bonate of soda, heated to redness for half an hour, the 
masa completely dissolved in water, the solution concen- 
trated and the phosphoric acid precipitated as in Ko. 9. 

The amount of pbosphorns may be less accurately 
determined by heating the fine iron-filings to redness 
with 2 parts of nitre and 1 part of carbonate of soda, 
extracting the mass with water, acidifying the solution 
with hydrochloric acid, and adding excess of ammonia 
and snlphate of magnesia. 

IV. Aesenic. — The presence of arsenic may be de- 
tected by dissolving the iron in dilute sulphuric acid, 
filtering off the black residue, and digesting it with 
sulphide of ammonium. From the filtered solution 




dilute sulphuric acid precipitates the pentasulphide of 
arsenio. The precipitate is dissolved in aqua-regia, the 
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nitric acid expelled by evaporation, and the arsenic 
reduced in Marsh's apparatus. 

The solution of iron filtered ^om the black residue 
is neutralized with carbonate of soda, mixed with a 
few drops of sesquichloride of iron, and then with 
acetate of soda, when arseniate of sesqnioxide of iron 
is precipitated, may be easily decomposed by sulphide 
of ammonium. 

For the quantitative determination of the arsenic, 
the cast-iron is dissolved in hydrochloric acid, with 
gradual addition of nitric acid, the solution filtered 
from the carbon, and heated with sulphurous acid till 
all the sesquichloride of iron is converted into pro- 
toohloride; the excess of sulphurous acid is then 
expelled by heat, and the solution saturated with 
sulphuretted hydrogen, and allowed to stand for twenty- 
four hours in a closed vessel ; the excess of gas ia 
afterwards evaporated, and the precipitate filtered off, 

V. Copper. — This metal is contained in the preta- 
pitate produced as above, by sulphuretted hydrogen. 
After drying, it is distilled in a tube, when sulphide 
of copper remains behind. Or the sulphide of arsenic 
may be dissolved out by solution of potassa, or more 
completely, by solution of monosulphide of potassium. 

TI. Manganese. — The solution filtered from the 
precipitate produced by sulphuretted hydrogen, in V. 
IS heated to the boiling-point, and the protoxide of iron 
entirely converted into sesquioxide by adding chlorate 
of potassa or hydrochlorite of soda. The oxide of 
manganese and sesquioxide of iron are then separated 
from each other by means of bicarbonate of soda, aa 
in No. 25. 

TIL Aluminum. — The alumina is contained in the 
sesquioxide of iron which is then precipitated and may 
be separated from it as in No. 21. 

Till. Magnesium and Calcium remain, together 
with the protoxide of manganese, in the solution fil- 
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tered from the precipitate produced "iyy bicarbonate of 
Boda. (See No. 25.) 

IX. CHKOuitTH AND VANADIUM.— A large quantity 
of the iron-filings is ignited with 2 parts of nitre and 1 
part of carbonate of soda, the mass extracted with 
water, and the solution treated as in No. 100, when 
phosphoric and arsenic acids may likewise be sought. 
It is safer to employ for this purpose the carbonaceous 
residue obtained by dissolving a large quantity of the 
iron in dilute sulphuric acid. 

X. Molybdenum. — Sometimes this metal is ex- 
tracted, together with the arsenic, by sulphide of 
ammonium, from the black carbonaceous residue; in 
such a case, it is reprecipitated, together with the 
pentasulphide of arsenic, an adding an acid to the 
solution. If this precipitate be distilled in a tube, the 
sulphide of molybdenum is left behind. 

If the oast-iron is rich in molybdenum, it is dis- 
Mlved in aqua-reqia and the molybdenum precipitated 
by hydrosulphuric acid, placing in the acid solution 
at the same time a piece of zinc, which renders the 
precipitation complete. 

XI. Sulphur. — The sulphur may be determined ap- 
proximately by evolving it as Bulphuretted hydrogen, 
as in No. 1, when the iron is dissolved in dilute 
sulphuric acid. Or it exists as sulphuric acid in the 
solutions obtained at III. and YI., and may be precipi- 
tated by chloride of barium. Or a large quantity of iron 
may be dissolved in aqua-reijia, and the sulphuric 
acid formed may be precipitated from the diluted so- 
lution by chloride of barium. 

XII. Nickel and Cobalt may be detected in the 
solution from which the copper has been removed by- 
sulphuretted hydrogen. This solution is r-eoxidized, 
and the sesquioxide of iron precipitated by carbonate 
of baryta, after which the nickel and cobalt are pre- 
cipitated by sulphide of ammonium. 
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For the detection of most of the admixtures, it is 
best to employ the black reBidne which is left on dis- 
solving the iron in dilute sulphuric acid, and which can 
easily be prepared in considerable quantity. It con- 
tains silicic acid, carbon, carbide of iron, phosphide of 
iron, arsenide of iron, compounds of chromium and 
vanadium with iron,'molybdenum, &c. 

The total amount of the carbon (phosphorus, 
arsenic, chromium, &c.7) in iron may be separated by 
digesting the fine iron-filings with a solution of 
chloride of copper, when all the uncombined iron is 
dissolved, and copper precipitated in its stead. When 
the solution has been poured off, the precipitated metal 
is digested, out of contact of air, with a neutral solution 
of B£^c^ichloride of iron which redissolves the metallic 
copper. 

When this residue is digested with potassa, the 
latter dissolves a newly formed brown humus-Hke 
substance, together with phosphoric acid, arsenic acid, 
and silicic acid. Almost the whole of the silicic acid 
may be determined in this residue. 

It is yet to be ascertained whether this residue can 
be analyzed by heating in chlorine-gas. 



109. A.8H OF THE REPINING-HEARTH. 

Crystallized=3 FeO, SiO,. 

The analysis of pure crystals picked out of the mass 
is simple and easy, since they consist essentially only 
of protoxide of iron and silicic acid. They are finely 
powdered, and treated with hydrochloric acid and some 
concentrated nitric acid until they are completely gela- 
tinized, the analysis being condncted as in the case of 
Lievrite. The sesquioxide of iron obtained is calculated 
as protoxide. 
18 



:,q,t,=cdbvGoOglc 



206 ASH OF THB REnNIKQ HEABTH. 

The quBtititative analysis of the ordinary compact 
Blag ia far more difficult and complex, since it may 
contain, ifi addition to the abore principal constitaente, 
small variable quantities of the protoxides of copper, 
nickel, cobalt, and manganese, besides the oxides of 
chromium, molybdenum and vanadium, together with 
alumin^ potas^^ lime, magnesitt, arsenic and phos- 
phoric acids. 

Several of these constituents can only be discovered 
by a qualitative analysis, for which a large amount of 
slag is employed. The process is conducted as fol- 
lows : — 

A pound of the slag, powdered as finely as possible, 
is intimately mixed with an equal weight of nitre, and 
as mnch carbonate of potassa,* and exposed for an hour, 
in a crucible, to a moderate red heat. The mass ia 
finely powdered, boiled out with water, the solution 
filtered ofi) and the residue washed several times with 
hot water. 

The solution mav contain, besides alkaline carbonates 
and nitrites, vanadic acid, chromic acid, molybdic acid, 
arsenic acid, phosphoric acid, silicic acid, and alumina. 
A yellow color indicates the presence of chromic acid. 

It is now carefully mixed with nitric acid, so that it 
may still remain alkaline, and any silica which may be 
precipitated is filtered off. A yellow color at this 
stage of the process denotes the presence of vanadic 
acid. The liquid is then evaporated to crystallization, 
and the greater part of the alkaline nitrate allowed to 
crystallize out in as copl a place as possible. The 
mother-liquor is poured off from the crystals, which 
are washed several times with a little perfectly cold 
water ; the washings are mixed with the mother-liquor, 
and acetate of lead added as long as any precipitate is 
produced. This precipitate contains all the substances 

* Perhapt «ma11er qnantilies of both might be aaiplo^ed. 
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above enumerated, Id combination with oxide of lead. 
It is filtered off and washed once or twice. 

Chromic and vanadic acids cannot be completely 
separated from oxide of lead bj means of sulphurio 
acid. The precipitate is therefore treated, while still 
moist, with a mixture of fuming hydrochloric acid and 
strong alcohol, with which it is heated nearly to ebul- 
lition, when all the lead and silica are separated in an 
insoluble state, and the metallic acids are converted 
into green chlorides, and dissolved together with the 
phosphoric and arsenio acids. The chloride of lead is 
filtered o£F and washed with alcohol; the green solu- 
tion ia evaporated to the consistency of a syrup, mixed 
with a slight excess of a concentrated solution of po- 
taasa, and chlorine passed into it until the metallic 
oxides have redissolved in the form of acids, imparting 
a yellow color to the solution.* The liquid is then 
neutralized with ammonia, concentrated as far as pos- 
sible by evaporation, allowed to cool, and a fragment 
of chloride of ammonium placed in it, so large as not 
to be entirely dissolved. The vanadic acid is thus 
almost completely precipitated as an ammonia salt, in 
the form of a white or yellow crystalline powder. 
After twenty-boui-s it is filtered off and washed, first 
with a saturated solution of sal-ammoniac, afterwards 
with alcohol. It may be purified by dissolving in 
boiling water with the addition of some ammonia.7 

* Phwpliatfl of alumina may prsolpitota here, and miut be ana- 
lyiad separatelj. (_Ste No. 19.) 

t It ia possible that, if molybdennm- be present, a jellow oom- 
ponnd of pbosphorlo aeid, molybdio aoid and ammonia might be 
precipitated here. It is InBolnble in hot dilute nltrlo aold. Thia 
clrcamstance might be made age of for separatlDK the molybdio 
aoid at onoe from the solution after treatment with chlorine. The 
■olDtioD woald be mlied with ammonia, and afterwards boiled, 
with addition of nitric aoid in slight eioess, when the compound 
wonid separate as ajellow powder. It contains 3 per oent. of phoa- 
phoric acid. 
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When dry, it is very gradually heated in a shallow 
platinum dish to expel the ammODia, and the residual 
vanadic acid is fused at a low red heat. If pure, it 
solidifies, on cooling, to a dark brown-red, very 
crystalline mass. 

The solution filtered from the vanadate of ammonia 
is mixed with ammonia, and afterwards with a solution 
of chloride of magnesium, which precipitates all the ' 
phosphoric, and most of the arsenic acid. After 
twenty-four hours, the precipitated double salts are fil- 
tered oft* washed with dilute ammonia, dissolved in 
hydrochloric acid, the solution heated to 50°, and the 
arsenic precipitated by a stream of sulphurettedhydro- 
gen-gaa. In the filtrate from the sulphide of arsenic, 
the phosphoric acid may again be precipitated as a 
double salt by adding ammonia. 

The solution filtered from the magnesia precipitate, 
which still contains the chromic and molybdio acids, 
is saturated with sulphuretted hydrogen and heated, 
when all the chromium is precipitated as green sesqui- 
oxide. 

From the solation filtered from this precipitate, the 
molybdenum is precipitated by dilute sulphuric acid 
BB a brown sulphide of molybdenum, from which, 
when heated in a tube, a mixture of sulphur and sul- 
phide of arsenic sublimes, while black lustrous MoS, 
remains behind. 

The residue of sesquioxide of iron which ia left 
after ignition with nitre and alkali, and extraction 
with water, is partly dissolved by digestion with con- 
centrated hydrochloric acid, and if sulphuretted hydro- 
gen be passed through the solution, the copper will be 
precipitated. 

' The solution filtered from the precipitate is heated 
to the boiling-point, and a sufhcient quantity of 
chlorate of potassa gradually added, to convert the 
protochloride of iron into sesquichloride. The small 
quantities of nickel, cobalt, and manganese which are 
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present may be detected by precipitating the solution 
either with excess of ammonia or with carbonate of 
lime, when those metals remain in solution and may 
be precipitated by sulphide of ammonium. 



Silicates of CaO, aud KO or NaO, frequently also, of 
PbO. 
Two analyses are made, one by fusion with an 
alkaline carbonate, for the determination of silicic 
acid ; the other by decomposing the glass with hydro- 
fluoric acid, in order to estimate the alkali. 

I. The very finely-powdered glass fused with three 
times its weight of carbonate of potassa and soda 
(No. 10), the mass softened in water, dissolved in 
dilute hydrochloric acid, evaporated to dryness, redia- 
solved iu water, acidulated with hydrocbloric acid, 
the silica filtered o£f and washed. 

From the solution, the small accidental impurities 
of sesquioxide of iron, oxide of manganese, and 
alumina, which are usually contained even in white 
glass, are precipitated by ammonia, after the solution 
has beeu_mixed with some chlorine-water to perox- 
idize the protoxide of manganese. 

The lime is afterwards precipitated by oxalic acid, 
and the solution filtered from the oxalate of lime is 
tested for magnesia, which may, moreover, have been 
precipitated with the alumina. 

If the glass contain oxide of lead, that metal is pre* 
cipitated by sulphuretted hydrogen from the solution 
filtered from, the silicic acici. 

II. For the determination of alkalies, a second quan- 
tity of the very finely-powdered glass is decomposed 
by hydrofluoric acid, or by ignition with carbonate of 
baryta, as in the analysis of feldspar, the subsequent 

18* 
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process being also conducted as in that analyBis, bo 
that the other bases may, if necessary, be again deter- 
mined here. 



111. CLAY. 

3 Al,03, 4 SiO, + 6 HO, with variable quantities of 

KO, MgO, FeO, MoO, Feldspar, Sand, &c. 
The water in determined by igniting the clay pre- 
viously dried at 100°. 

I. The clay is heated with concentrated sulphuric 
acid, the greater excess of acid evaporated, the residue 
dissolved in concentrated hydrochloric acid, by theaid 
of heat, and the silicic acid filtered off. If the clay 
contain an admixture of sand or feldspar, the silica ia 
dissolved in a boiling concentrated solution of carbo- 
nate of soda, when the sand and feldspar remain un- 
dissolved. 

The hydrochloric solution is considerably diluted, 
and gradually neutralized with carbonate of soda, as 
in No. 25, so that sesquioxide of iron and alumina are 
precipitated, while protoxide of manganese, lime, and 
magnesia, remain in solution as bicarbonates. The 
separation of alumina and sesquioxide of iron is then 
eftected as in No. 21, that of the other bases as in No. 
25. 

II. The clay is fused with three times its weight of 
carbonate of potassa and soda (see No. LO), the fused 
mass dissolved in dilute hydrochloric acid, the solu- 
tion evaporated to dryness, the residue dissolved in 
water containing hydrochloric acid, and the solution 
filtered off. 

The separation of the other bases contained in the 
solution is then effected as in I. 

III. For the determination of the alkali, a separate 
portion of the clay is decomposed by fusion with hy- 
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(Irate or carbonate of baryta, and tbe process conducted 
as in Ko. 80, the baryta and the other bases being pre- 
cipitated from the solution by a mixture of ammonia 
and carbonate of ammonia; after gently beating, the 
precipitate. is filtered off, the solution evaporated, and 
the residue ignited, when chloride of potassium and 
chloride of sodium are left. Or the analysis may be 
made with a mixture of hydrofluoric acid and hydro- 
chloric acid. 



Carbonates of CaO, MgO, I'eO, MnO, with Clay con- 
taining alkali, and sometimes 3 CaO, PO^ 

I. For the detection of the alkali, large fragments of 
the mineral, when it contains carbonate of lime in pre- 
dominating quantity, are placed io a charcoal fire, and 
heated for half an hour to whiteness, when the clay, 
which contains the alkali, is decomposed. 

The ignited mass is carefully freed from adhering 
ash, powdered, exhausted with water, the sol ution mixM 
with some carbonate of ammonia, evaporated, the pre- 
cipitated carbonate of lime filtered off, the solution 
acidified with hydrochloric acid, evaporated to dryness, 
and the residual chloride of potassium or sodium 
heated to dull redness. If both salts be present, they 
are separated by bichloride of platinum. 

II. From a portion of the mineral which has been 
dried at 100° and weighed, the water is expelled by 
ignition in a glass tube, and its quantity determined , 
by collecting it in a weighed chloride-of calcium tube. 

III. The carbonic acid may be expelled from ano- 
ther portion of the mineral by nitric acid in the appa- 
ratus employed for testing potashes, and its amount 
determined directly by the loss of weight. (Fig. 24.) 



:,q,t,=cdbvGoOglc 



2L2 lODIDS, BROMIDE, AND CHLORIDB OF SODIUM. 

Or a veigbed quantity of tbe substance is fused 
with about four parts, accnratelj weighed, of vitrified 
borax, ia a platinum crucible, when all the carbonic 




acid is expelled, and its amount may be determined 
from the loss of weight, or if the water ia expelled at 
the same time it must be taken into account in the 
calculation. (See No, 7.) 

IV. Another very finely powdered portion is di- 
gested with very dilute nitric acid, which dissolves the 
carbonutes, together with the phosphate of lime, leav- 
ing the clay, which is filtered off, ignited and weighed. 
It is then analyzed as in No. 111. 

The separation of the other constituents present in 
the solution is effected as in No, 13. 



H3. IODIDE, BROMIDE, AND OHLOEIDE OP SODIUM. 

The solution is mixed with nitrate of protoxide of 

Ealladium, when all the iodine is precipitated as dark 
rown iodide of palladium, the bromide of palladium 
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remaining in solution because chloride of sodium is 
present. After the lapse of twelve hours, the precipi- 
tate is collected upon a weighed filter, dried over oil 
of vitriol, or at a temperature not exceeding 80°, and 
weighed. 

The excess of palladium in the Sltrate is separated 
by means of sulphuretted hydrogen, in order to pre- 
vent the formation of a precipitate containing palladium 
upon the subsequent addition of nitrate of silver. The 
excess of sulphuretted hydrogen is then removed from 
the solution by sulphate of sesquioxide of iron, and 
the filtrate mixed with nitrate of silver, when a pre- 
cipitate of chloride and bromide of silver is formed, 
which is collected, washed, dried, and fused. A quan- 
tity of this precipitate, weighed in a bulb-tube, is fused 
in a current of dry chlorine until bromine vapor ceases 
to be evolved, and the tube changes no longer in 
weight. Before weighing, every trace of chlorine 
must be removed from the bulb. 

A simpler method consists in pouring water over 
the weighed mixture of bromide and chloride of silver, 
adding a few drops of hydrochloric acid, and a frag- 
ment of zinc. In twenty-four hours the silver is com- 
pletely reduced; it is rubbed to powder, boiled with 
water containing hydrochloric acid, afterwards washed 
with pure water, ignited and weighed. 

The difference between the equivalents of chlorine 
and bromine Is to the equivalent of bromine, as the 
difference between the amounts of chloride and bromide 
of silver employed, and the amount of chloride which 
the reduced silver ought to yield, is to the amount of 
bromine present. 

For example: 200 parts of a mixture of equal 
weights of chloride and bromide of silver gave, when 
reduced, 132.73 of silver, which would yield 176.31 of 
chloride of silver. 

Difference between the equivalents of chlorine and 
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bromine^ 44.6, CiffereDce obtained-- 23.69. Then 
44.6 :80-2S.69:x (-42.6 bromine). 

By the atone indirect method, the amount of iodine 
contained in a mixture of iodide with chloride or bro- 
mide of sodium may be determined. 

The iodine may also be determined in a mixture of 
chloride and iodide of potassium or aodium, by adding 
a solution of sulphate of copper mixed with sulphurous 
acid, when the iodine is precipitated as white subiodide 
of copper, which is then washed. 

This method is also applicable for the approximative 
separation of iodine and bromine. 

In order to detect iodic acid with nitric acid {in 
nitrate of soda), a little silver is dissolved in it. All 
the iodine remains as insoluble iodide of silver. 



114. CEUDB COMMON SALT. 

I. A weighed quantity of the moist salt is dried for 
some time at about 100°, then heated to about 300° in 
a covered crucible, and the water determined from the 
loss. 

II. For the estimation of the sulphuric acid, the salt is 
dissolved in water (when any insoluble impurities are 
left), the solution slightly acidified with hydrochloric 
acid and precipitated by chloride of barium. 

III. The lime is determined in a larger quantity of 
the salt, by precipitating it from its solution by oxalate 
of ammonia, and filtering off the oxalate of lime when 
it has subsided. 

IT. The filtrate is concentrated by evaporation and 
mixed with ammonia and phosphate of soda to preci- 

Eitate the magnesia; after the lapse of twenty-four 
oars, the precipitate is filtered off and washed with 
ammonia. 
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V. The very smal] quantity of potasaa which is 
usually present, may be detected by coaoentrating the 
solution of a large quantity of the salt so that a great 
part of the chloride of sodium may crystallize out ; the 
potassium is then precipitated from the mother-liquor 
with bichloride of platinum. 

TI. The bromine may be detected by passing chlo- 
rine into the mother-liquor obtained from a large 
quantity of the saline solution, and agitating the liquid 
with ether, which takes up the bromine, and thence 
acquires a yellow color. The bromine may then be 
converted into bromide of ammonium by adding am- 
monia. 

YII. Id order to detect the iodine, the mother-liquor 
ia mixed with some starch-paste, and weak chlorine- 
water added drop by drop ; «r the vapor of bromine 
or of nitrous acid may be allowed to flow on to the 
surface of the mixture. 

For the quantitative determination of iodine and 
bromine, see No. 113. 



115. INCRUSTATIONS FROM SALT-PANS. 

NaCl — NaO, SO^— CaO, SO^,— MgO, S0„— CaO, C0„ 
MgO, CO,. 

I. A weighed portion is heated nearly to redness in 
order to determine the water. 

n. Another portion is finely powdered and boiled 
with water, the residual carbonates of lime and mag- 
nesia filtered off, washed with hot water, and the two 
bases separated as in No. 12. This residue sometimes 
contains iron and manganese. 

III. The filtrate is mixed with chloride of ammo- 
nium, and the lime precipitated by oxalate of ammo- 
nia. {See No. 12.) 
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IV. The Bolutioa filtered from the precipitate ia 
mixed with ammonia, aod the magnesia precipitated 
by phosphate of soda. {See No. 6.) 

V. Another portion of the incrustation is dissolved 
in hot dilute hydrochloric acid, and the sulphuric acid 
precipitated by chloride of barium (No. S). 

VI. A smaller quantity is dissolved in dilute nitric 
acid, and the chlorine precipitated by nitrate of silver 
{No. 1). 

yil. The sodium and soda are calculated from the 
loss. 

VIII. In order to detect a small quantity of sulphate 
of potassa, a large quantity of the incrustation is 
finely powdered, boiled with an excess of hydrate of 
baryta, the solution filtered off) the lime and baryta 
precipitated by a mixtui* of ammonia and carbonate 
of ammonia, the filtrate acidified with hydrochloric 
acid and evaporated to dryness ; the residue is ignited, 
dissolved in water, and the solution treated with bi- 
chloride of platinum. 

In this process also, the soda which previously 
existed as sulphate, may be obtained in the form of 
carbonate. 



It is supposed that the analyst has an unlimited 
quantity of water at his disposal, so that separate 
portions may be employed for the determination of 
most of the individual constituents. For the estima- 
tion of those substances which are present in large 
quantity, small portions of water must be employed, 
larger quantities being taken for such constituents as 
exist in small proportion. 

I. The specific gravity is first determined, in order 
to ascertain, by calculation, the weight of 10, 50, or 
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100 cub. cents, or grain measures of water, so that the 
quantities of water employed may be determiued by 
measure. 

II. Carbonic acid and sulphuretted hydrogen- ga^es. — 
The apparatus represented by Fig. 25 is used to deter- 
mine the quantity of the air (nitrogen and oxygen) 
existing in the water. 

Fig. 25 



A flask of the capacity of 2 or 3 litres is filled with 
the water as well as a tube suitable to collect the gases. 
When the apparatus is thus completely filled with 
water, the extremity of the bent tube is fastened under 
a graduated bell-glass full of mercury, and arranged 
over a mercury trough. The water is gently heated 
until it boils, and the air passes oit' with the stream 
and the quantity is seen In the graduated bell-jar. 

The apparatus just described gives sufficiently exact 
results, wnen only the relation of the nitrogen and 
oxygen dissolved in the water is to be determined. 
It presents serious ditScuIties when carbonic acid is 
also to be determined ; the water which is condensed 
in the tube being found in a sufficient quantity 
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to dissolTe this acid again in part or wliollj. This 
difficulty may be avoided by making a very simple 
modification. A flask of the capacity from 400 to 
600 cubic centimetres is oiied arranged as before. 



Fig. 26. 




The apparatus being completely free from air, a 
caoutchouc tube is placed upon the end of the delivery 
tube to pass to the top of the small graduated bell- 
glass and kept there at a certain height. 

The height is regulated on the supposed volume of 
gas that Doiliug furnishes. It is at first gradually 
heated so as to cause a small quantity of water to pass 
out from the flask, the volume of which is accurately 
measured and subtracted from the first volume taken ; 
the delivery tube is then placed under the bell-jar, after 
which the temperature is gradually increased till the 
boiling point is reached. The bell-jar being nearly 
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filled with gaa and water vihiah are evolved, the beat 
is instantly removed ; a vacuum results from this 
which causes the return of condensed vapor into the 
flask. This absorption taking place, it is again heat- 
ed. A certain quantity of gas is evolved which is 
added to that- which the bell-glass already contains; 
when this is nearly full, the lamp is removed to 
determine the new absorption. This operation ia re- 
peated three or four times until the volume of the gas 
remains stationary. The caoutchouc tube ia drawn 
down the bell -jar into the mercury so that the 
upper portion contains only the gases which were in 
solution in the water with a very email quantity of 
this liquid, which may be greatly diminisheMi by intro- 
ducing at the end of the operation some fragments of 
fused chloride of sodium. At length the gases con- 
tained in the bell-glass are measured, and the pro< 
fortion of carbonic acid ia determined by absorbing it 
y means of potaasa. 

Pig. 27. 



Sulphuretted hydrogen. — The water may contain 
sulphur in two forms, either combined with hydrogen 
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in the state of free hjrdrosulpharic acid, or combined 
with an alkaline metal (sulphide of sodium, potas- 
sium, &C.). 

The sulphur of the hjdrosulphuric acid, and that of 
the alkaline sulphides are in general determined at the 
same time by a method depending upon the decom- 
position of these compounds by free iodine and upon 
the coloration that the slightest possible trace of iodine 
in excess communicates to starch. A standard boIu- 
tioQ of iodine is made containing 1.27 grams of the 
iodine to a litre, 1 litre of this solution precipitates 
O.lfi gr. of sulphur, consequently, 1 cubic centimetre 
of it precipitates 0.00016 gr. A definite volume of 
sulphur water being placed in a Bask a small quantity 
of starch is added to it; by means of a gradual^ 
cylinder, Fig. 27, the standard solution of iodine is 
gradually poured into the water, shaking the fiask; a 
drop of iodine in excess colors the liquid permanently 
blue. 

ni. The tolal weight of the fixed constituents is ascer- 
tained by evaporating a measured quantity of the 
water to dryness, and carefully heating the residue to 
about 200°. Should the water contain much chloride 
of magnesium, an error will result from the partial 
decomposition of that salt, hydrochloric acid and 
magnesia being produced; this may, however, be 
avoided by dissolving a weighed quantity of pure 
ignited carbonate of soda in the water before eva- 
porating. 

IV. The carbonates of proioa^de of iron, jiroloxide of 
manganese, lime and magnesia, held in solution by free 
carbonic acid, are precipitated when a large quantity 
of water ia boiled for an hour in a flask. The pre- 
cipitate is filtered off, dissolved in hydrochloric acid, 
the sesquioxide of iron precipitated by ammonia, and 
the protoxide of manganese, lime and magnesia sepa- 
rated as in No. 25. 
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T. The silicic acid is left undissolved on treating 
the residue obtained by evaporation, with dilute hy- 
drochloric acid. Should the water contain carbonate 
of soda, it must be acidulated with hydrochloric acid 
previously to evaporation. If gypsum be present, a 
large quantity of water must be employed to redia- 
eolve it. 

TI, Boracic acid may be detected by mixing the 
water with carbonate of soda, concentrating by eva- 
poration to a small bulk, and acidifying with hydro- 
chloric acid; if turmeric-paper be dipped in this 
solution, and dried, it will become brown if boracic 
acid be present. 

VII. The presence of nitric acid may be detected 
by adding to the partially evaporated water or to the 
residual salts, a few drops of water, colored with a 
solution of sulphate of indigo, and mixed with some 
hydrochloric acid, which has been boiled. On boiling, 
the solution will be decolorized. 

Some other bodies, especially free chlorine, have 
the same bleaching effect. 

Or if the concentrated solution is mixed witb 
several times its volume of pure strong sulphuric acid, 
the mixture allowed to cool, and then a few drops of a 
concentrated solution of sulphate of protoxide of iron 
cautiously added so that the fluids do not mix, a red- 
dish purple or dark-brown stratum is produced ac- 
cording to the quantity of the acid present. Or the 
very concentrated solution may be heated with metallic 
copper and concentrated aulphuric acid, when yellowish 
red vapors of nitrous acid make their appearance. 
Or the dry residue may be mixed with anhydrous 
sulphate of copper or oxide of lead, and heated in a 
tube. If pieces of paper moistened with sulphate of 
protoxide of iron are held in the tube, they will be 
colored yellow or brown if nitric acid is present. 

A very sensitive reaction consists in mixing the salt 
19* 
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with 8ome starch paste containing iodide of potassiam 
and sulphuric acid. A amall piece of bright zinc is 
placed in the mixture which reduces the nitric acid 
to nitrous, and gives the iodine reaction, 

VIII. The chlorine is precipitated by nitrate of 
silver after acidifying the water with nitric acid; the 
precipitate is treated as in No, 1. 

IX. Sromine and iodine, present only in very 
small quantity, can only be detected and estimated in 
large quantities of water, or in the mother-liquid. 
They are recognized as in Nos. IIS and 114. If 
the quantity of iodine present is very small a few 
drops of pure iodide of potassium and hydrochloric 
acid are added to the water, and the amyl reaction made. 
In order to concentrate the bromine, the water may be 
evaporated to dryness, and all the bromide of sodium, 
with but little chloride, extracted from the residue by 
absolute alcohol. When the alcohol has been evapo- 
rated or distilled off, the residue Is dissolved in water, 
and a small quantity of nitrate of silver added, with 
constant stirring, so that only about g of the chlorine 
may be precipitated as chloride of silver ; the precipi- 
tate which contains all the bromine is weighed, and a 
certain portion of it analyzed as in No. 114. 

X. The sulphuric add is precipitated by chloride of 
barium from the water slightly acidified with hydro- 
chloric acid. 

XL Polaasa and soda. — The water is evaporated to 
about one-half, and mixed, without filtering, with ex- 
cess of baryta-water ; the mixture is allowed to cool, 
and carbonate of ammonia added; in this way, the sul- 
phuric auid, lime, and excess of baryta are precipitated. 
The filtrate is acidified with hydrochloric acid, evapo- 
rated to dryness, and the residue, which is a mixture 
of chloride of sodium, chloride of potassium, and 
chloride of magnesium, is then cautiously heated to 
redness. The three metals are separated as in No. 11. 
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Xn, Garhonate of soda, — The water is boiled for a 
long time, the precipitated earthy carbonates filtered 
off; and the filtrate divided into two equal parts. In 
one of these, preriously acidified slightly with ni{;no 
acid, the chlorine is determined by precipitation with 
nitrate of silver. The other portion is mixed with a 
slight excess of hydrochloric acid, evaporated to dry^ 
nesa, and the residue heated nearly to redness ; it is 
then dissolved in water and precipitated by nitrate of 
silver. The difference between this amount of chloride 
of silver and the former, corresponds to the quantity 
of carbonate of soda which was contained in the 
water. 

XIII. Lime. — In the solution filtered from the pre- 
cipitate obtained in IV., the lime ia precipitated by 
oxalate of ammonia, after addition of ammonia. {See 
No. 12.) 

XIV. Magnesia. — The solution filtered from the 
lime -precipitate is concentrated by evaporation, al- 
lowed to cool, mixed with concentrated ammonia, and 
the magnesia precipitated by phosphate of soda. [See 
No. fi.) 

XV. Lithia. — The lithia is best obtained from the 
mother-liquid according to the method given in XI, 
The solution filtered from the precipitate is mixed 
with phosphate of soda, evaporated to dryness, and the 
residue treated with a very small quantity of water, 
when phosphate of soda and lithia is lefli, which 
should, however, be tested for magnesia. 

Or the mother-liquor may be evaporated to dryness 
with excess of carbonate of soda, the residue extracted 
with hot water, the filtered solution mixed with phos- 
phate of soda and evaporated to dryness. 

XVI. Strontia may be sought in the ferruginous and 
calcareous stalactites and ochreous deposits from 
waters containing carbonic acid, 

XVII. Phosphoric acvl. — The foregoing remark ap- 
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plies also to tte phosptates. Or a large quantity of 
water may be evaporated to a small bulk, mixed with 
ammonia, the precipitate filtered ofT, dissolved in nitric 
aoid, aud tested for phosphorio acid with molybdate 
of ammonia. 

Xyill. Arsenic actd, In combination witb lime or 
sesquioxide of iron, must likewise be sought, in the 
stalactites or ochres from such waters, with the aid of 
Marsh's apparatus. {See Poisoning by Arsenic.) 

XIX. Antimony and copper, to be tested for in the 
deposit, by sulphuretted hydrogen. 

XX. Fluorine, also coDtainol in the deposit as 
fluoride of calcium. Or it may be sought in the pre- 
cipitate obtained by ammonia in XVII., a part of 
which should be dried and moistened with coucentrated 
sulphuric acid in a platinum crucible covered with a 
glasa-plate coated with wax and marked in order to 
test for fiuorine. (See No. 82.) 



117. SOILS. 

The ordinary constituents of soils, which differ 
much in different soils, and are very variable in quan- 
tity, are salts of chlorine, sulphuric acid, phosphoric 
acid, silicic acid, carbonic acid, nitric acid, with potassa, 
soda, ammonia, lime, magnesia, alumina, protoxide 
of manganese and protoxide of iron, t(^ther with 
sand and organic matters consisting of the debris of 
plants, and of the humous substances produced by 
their decay. 

Some of these constituents are soluble in water. 

Others are insoluble in water, but soluble in dilute 
acids, as, for example, tbe carbonates and phosphates 
of lime and magnesia. 

The remainder are insoluble even in dilute acids; 
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these consisl of quartz and of particlea of feldspar, 
mica, and hornblende arising from the disiategration 
of different kinds of rock. 

The soil to be examined is collected from different 
parts of the field, well powdered, allowed to dry in the 
air, and uniformly mixed. 

it is most oonvenient to determine the greater num- 
ber of the constituents in separate portions of the soil. 

I. Water, — A weighed portion of air-dried soil is 
heated to 100°, and retained at that temperature till its 
weight is constant. In this way the amount of hygro- 
scopic water is ascertained. 

In order to determine the combined water in the 
salts, clay, ice, the soil may be heated to 200° or 300", 
when the ammonia also may be expelled. 

II. Organic mailers. — The dry soil is ignited with 
access of air, moistened with carbonate of ammonia, 
and again heated nearly to redness. The loss in 
weight (ammonia and nitric acid being taken into ac- 
count) indicates the total amount of organic matter. 

The amount of nitrogenized organic matter can only 
be determined by ultimate analysis, when the ammonia 
and nitric acid must not be neglected in the calcula- 
tion. 

Certain organic substances, such as fatty and resinous 
matters, may be extracted from the dried soil by hot 
alcohol and ether. 

The humous substances may be extracted by boiling 
the soil with solution of potasaa; they are separated, 
though not completely, from the brown filtered solution, 
in the form of a brown precipitate, on adding hydro- 
chloric acid. 

UI. Ammovia. — The soil is distilled with solutios 
of soda, and the ammonia collected and determined as 
in No. 5. 

IV. Nitric acid. — The analyst must be satisfied with 
the qualitative detection of nitric acid. The soil is ex- 
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traoted with water, the filtered solution evaporated to 
a small bulk, and the reactions made, given under 
nitric acid, No. 116. 

V. The conslitutnts soluble in water, — A large quan- 
tity of the air-dried soil, from 1000 to 2000 grammes, is 
heated nearly to ebullition, with water, for a consider- 
able time; the residue is filtered off and thoroughly 
washed with hot water. The whole liquid is evaporated 
to about its original volume, carefully weighed or 
measured, and separate portions of it, weighed or 
measured off, are employed for the determination of 
the following constituents. 

a. The total weight of the portion soluble in water 
is ascertained by evaporation to dryness. 

b. Sulphuric add is precipitated by chloride of 
barium from the solution aciaified with hydrochloric 
acid. 

c. Chlorine is precipitated by nitrate of silver, after 
acidification with nitric acid. 

d. Silicic acid, — The solution is mixed with hydro- 
chloric acid, evaporated to dryness, the residue ex- 
tracted with dilute hydrochlory; acid, and the silica 
filtered off. 

e. Lime, magnesia, alumina, protoxide of iron, aaiprot- 
oxide of manganese may be coutaiued iu the filtrate from 
d; they may be separated as in No. 81. 

/. Potassa and soda. — The solution is mixed with 
hydrochloric acid, evaporated to dryness, the residue 
dissolved in a little water, baryta- water added in excess, 
the mixture digested for some time, filtered off, and 
the baryta and lime precipitated from the filtrate by 
carbonate of ammonia. The solution filtered from 
these can contain only potassa and soda, which are es- 
timated as chlorides, and are separated as usual. 

g. Phosphoric acid, which can only be present if the 
solution contain no lime, ka., is precipitated as phos- 
phate of magnesia-a 
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VI. Constituents inaolnhh in water, but soluble in 
dilute hydrochloric acid. — From 50 to 100 grma. of the 
residue obtained in V. (previously wasbed, dried, 
and uniformly mixed), are weighed ofT, mixed with 
water, in a flask, to a thin paste, heated, and hydro- 
chloric acid gradually added until the effervescence 
ceases ; the mixture is then heated for some time, with 
frequent agitation, the insoluble residue filtered off 
ana well washed. The solution is concentrated by 
evaporation, weighed or measured, and divided into 
separate portions for the different determinations. If 
the soil contain much organic matter, it must be feebly 
ignited with access of air previously to the extraction 
with hydrochloric acid. 

a. Silicic acid. — The solution is evaporated to dry- 
ness with addition of some nitric acid. 

b. Sulphuric add, — From a weighed portion of the 
acid solution, filtered from the silica, the sulphuric 
acid is precipitated by chloride of barium, 

c. Alkalies. — Another portion of this solution is 
treated as in V.,/, with baryta-water, 

d. Phosphoric acid, lime, magnesia, alumina, protoxide 
of manganese, and protoxide of iron, are separated and 
determined in the greater portion of the solution 
filtered from the silica, according to the method given 
in No. 26. 

e. The carbonic acid, may be determined in a separate 
portion of the washed soil, as in alkalimetrical exa- 
minations, 

/. A small cruantily of copper and arsenic some- 
times contained in the soil may be determined by a 
special experiment. {See No. 26.) 

VII. Gonatituenls insoluble in dilute hydrochloric add. 
~~A small quantity (about 5 or 10 grms.) of the 
residue obtained in VI., is heated with several times tta 
weight of concentrated sulphuric acid, until the* 
greater part of the acid has been expelleid. By this 
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treatment the claj is decomposed, Tbe nearly dry 
residue is digested with dilute hydrochloric acid, the 
solution filtered off, and analyzed'as above, omitting 
the determination of silicic acid. 

The residue left by hydrochloric acid is boiled for a 
long time with a concentrated solution of carbonate of 
Boda, which dissolves the silica separated by the sul- 
phuric acid. The filtered solution is acidified with 
hydrochloric acid, evaporated to dryness, and the 
silica filtered off. 

The portion insoluble in carbonate of soda may bo 
a mixture of sand, feldspar, and other minerals not 
decomposed by sulphuric acid, which may be separated 
to some extent with the aid of a magnifier. In order 
to decompose them they must be treated as in the 
analysis of feldspar, No. 80. 

The greater part of the residue obtained in TI., pre- 
viously to treatment with sulphuric acid, may be 
mechanically separated, with tolerable accuracy, into 
its constituents, by levigation. The residue is stirred 
up with much wat«r by means of a feather, and the 
finer suspended portions, consisting chiefly of clay, are 
repeatedly poured off until only the grains of sand, 
feldspar, &c^ remain behind. 



118. ASHES OP PLANTS.* 

Salts of KO, NaO, CaO, MgO, Alfi,, Fe^O^ and MnO, 
with CI, F, SO^ CO^ and SiO^ 
Manganese does not occur in all ashes, and is 
seldom present in sufficient quantity to determine. 
Fluorine has been hitherto found only in the stalks of 
some of the Qraminacese, Alumina is an essential con- 
istituent of the ashes of the I/ycopodiaceee, but ia 

• By ProfeEaoT St&deler. 
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seldom present in appreciable quantity in other ashes. 
Even iodine, bromine, oxide of copper, and titanio 
acid have been fouod, though generally io very minute 
quantities, iu some ashes. 

The process of analysis differs according as the 
ashes do or do not contain more phosphoric acid than 
is requisite to combine with the sesquioxide of iron, 
protoxide of manganese, lime, magnesia, and alumina. 
To the former (containing more phosphoric acid) belong 
those of seeds, to the latter, those of woods, Buccalent 
plants, &o. 

I. Aehea of seeds. — About 50 grms, of the seeda 
which have been dried in the air, or at 100°, are 
thoroughly carbonized by gentle ignition in a pla- 
tinum crucible; the carbonaceous mass is powdered, 
moistened with water, and exposed for some time to 
the air, when the sulphides are converted into 
sulphates ; it is then digested with concentrated acetio 
acid, water added, the mixture filtered, and the residue 
washed with hot water till the washings are only 
slightly acid to test papers. The carbonized mass ia 
thus entirely, or almost entirely, freed from metallio 
chlorides; it is introduced, while yet moist, into a pla- 
tinum crucible, and incinerated as far as possible by a 
protracted gentle ignition. (At a bright red heat, 
phosphide of platinum is formed and the crucible 
corroded.) Finally, a few drops of concentrated 
nitric acid are added to the ash, which is then ignited 
in the crucible, the cover of which is placed against 
its month, until the last traces of carbon are burnt off, 
and 8 perfectly white ash remains. This ash is added 
to the saline mass obtained by evaporating the acetio 
solution ; the mixture is gently ignited to decompose 
the acetates, and weighed. 

The ash is dissolved by nitric acid in a carboiiio 
acid apparatus, and the carbonic acid determined from 
the loss. 
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The solution is mixed whh 10 or 12 volames of 
water, and the residue, conaisting of nndissolTed silica 
(aometimes also of sand) and charcoal, is collected upon 
a filter (previously dried at 100°), weighed, carefully 
removed from the filter, and digested with very dilate 
solution of soda, which readily dissolves all the silica, 
except that present in the form of sand ; the residue 
of sand ana charcoal is collected upon the filter 
previously employed ; its weight, after being dried at 
100°, is deducted from the total weight of the ash. 
The weight of the silicic acid is determined from the 
loss. 

From the filtered solution containing the saline 
constituent, the chlorine is precipitated by nitrate of 
silver, an excess of the precipitate removed by hydro- 
chloric acid, the sulphuric acid precipitated by 
chloride of barium, and the excess of baryta separated 
by careful addition of sulphuric acid. 

The filtrate is evaporated to dryness, the residue 
treated with concentrated hydrochloric acid, and di- 
gested with it for some time, in order completely to 
expel the nitric acid, uul to convert any pyrophos- 
phorio acid into the tribasic form. The hydrochloric 
acid is expelled as far as possible, a sufficient quantity 
of water afterwards added, and the solution filtered 
from the undissolved silica, which is ignited, weighed, 
and calculated together with that previously obtained. 

From the solution, the iron, manganese, alumina, 
lime, and magnesia, are precipitated by ammonia as 
phosphates, which are collected, after six or eight 
hours, upon a filter, ignited and weighed. The pre- 
cipitate 18 dissolved by digestion with concentrated 
hydrochloric acid, the free acid nearly neutralized with 
soda, and the solution mixed with acetate of soda, when 
the phosphates of sesquioxide of iron and alumina are 
precipitated. These are ignited and weighed, and if 
necessary (unless the ignited precipitate has a pure 
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brown color), separated according to No. 19. — From 
the filtrate, the lime is precipitated by oxalate of am- 
monia, and the magnesia as phosphate of magneeia- 
ammonia, by merely adding an excess of ammonia ; 
the phosphoric acid previously in combination with 
the hme is calculated from the loss. — If manganese be 
present, it is precipitated together with the phosphate 
of magneitia- ammonia, to which it imparts a gray or 
black color after ignition. The separation is efiected 
as in No. 26. 

The eolntiona from which the phosphates have been 
precipitated by ammonia, now contain only the alka> 
lies and the remainder of the phosphoric acid. The 
latter is precipitated (together with sulphuric acid) by 
chloride of barium, and the excess of baryta removed 
by sulphuric acid or by neutral carbonate of am- 
monia ; the filtrate is evaporated to dryness, the residue 
ignited, and the alkalies weighed as chlorides or sul- 
phates. For their separation, see No. 4. — The preci- 
pitate produced by chloride of barium is exhausted 
with nitric acid, sulphuric acid added to efiect the 
complete separation of the baryta, and the phosphoric 
acid precipitated from the filtrate, previously mixed 
with an excess of ammonia, as phosphate of magnesia- 
ammonia. 

II. Ashes of wood, vegetables, Jxs. — Of those vegetables 
which yield, a large amount of ash, 50 grms. may be 
taken for examination ; but of the difierent kinds of 
wood, which are usually poorer in mineral constituents, 
and of the &raniinaceae, the ash of whioh contains 
much silica, about 100 grms. should be employed. 
The substances are carbonized in a platinum crucible, 
and the mass thrown immediately into a flat porcelain 
dish, where it generally smoulders for a long time, 
and is, for the most part, converted into ash. The 
inoineration is completed Tn the platinnm oracible. 

The analysis of these ashes only differs from that 
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of tbe preceding in that these contain a larger qnan- 
tity of the alkaline earths than is necesearj to com- 
bine with the phosphoric acid, bo that the total 
amount of that acid is separated upon adding am- 
monia. The precipitate is immediately filtered off, and 
the filtrate mixed, first with solphide of ammonium, 
to precipitate the manganese, then with oxalic acid for 
the lime, and lastly with phosphate of ammonia to 
separate the magnesia. Any excess of phosphoric 
acid may be separated, as directed above, from the 
alkalies, which are then weighed as chlorides or sal- 
phatea. 

The stalks of tbe Graminacese nsnally leave an 
asb which cannot be completely decomposed by nitric 
or hydrochloric acid. The weighed silicate remaining 
nndissolved, is decomposed most conveniently with 
hydrofluoric acid, and the bases, previouBiy in combi- 
nation with silicic acid, may then be estimated in the 
solution. The silicic acid is determined from the 
loss. In this case, the determination of the charcoal 
and sand mnst, of course, be omitted, 

(See also for other, and, in part, newer and better 
methods, Liebig's and Kopp's Jahresbericbt, 1850, p. 
608; 1857, p. 582 and 584; 1859, p. 693.) 



119. QDANO. 

Gnano consists of tbe partially decomposed excre- 
ment of sea-birds. It contains a great many sub- 
stances, some soluble, others insoluble in water. Tbe 
constituents npon which depend its important action 
and application as a mannre are: organic, chiefly 
nitrogenized matters; salts of ammonia; phosphates, 
especially phosphate of lime ; and salts of the alka- 
lies. The amount of tbes^ constituents indicates the 
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value of the guano. It is important to test this 
manure, since different specimens consist not only of 
various kinds of genuine guano of different degrees 
of riotiaeas, but samples also come into the market 
vhicb are adulterated with common earth, loam, 
lime, sand, pebbles, and crude common salt or Glau- 
ber's salt 

Genuine guano presents the appearance of a moist 
yellowish-brown earth, mixed here and there vitb 
white fragments or lumps. Very few and rare speci- 
mens are white. It has a peculiar excrementitious or 
nrinous odor, and a feeble penetrating saline taste. 

It is chemically tested in the following manner: — 

I. The guano is mixed, in a dish, with hydrate of 
lime (slakmi lime stirred with water to a thin cream), 
when it should emit, especially when heated, a power- 
Ail odor of ammonia. In order to compare different 
specimens, the same quantity, say J oz. of each, is taken. 
Since the value depends partly upon the amount of 
ammonia present, the better sorts of guano will evolve 
the stronger odor of that gas. 

II. Two ounces (or from 50 to 60 grms.) of guano, 
finely powdered and uniformly mixed, are weighed in 
a counterpoised porcelain capsule, and heated on a 
water-bath until it is perfectly dry and suffers no far- 
ther diminution of weight. The loss of weight expresses 
the amount of moisture contained in the guano. Good 
guano loses only between 8 and 16 per cent, of water, 
but if fraudulently moistened, it may lose 20 per cent., 
or even more. 

III. Half an ounce (or from 15 to 20 grms.) of guano 
is weighed, and heated over a large spirit-lamp, or 
gaa-bumer, in a porcelain or platinum crucible, with 
free access of air, until all organic matter has burnt 
off, and the guano is converted into a white or grayish 
ash. Good guano, when treated in this way, leaves 
from SO to ^b per cent, of ash, while bad guano leaves 

20* 
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from 60 to 80 per cent., and that which has been fraud- 
ulently adulterated leaves still more. The ash of gen- 
uine guano, whether of good or bad quality, is always 
white or grayish ; a yellow or reddish color bespeaks 
an admixture of clay or earth. Good guano, when 
first heated, evolves white vapors, with a powerful 
odor of ammonia. 

lY. A similar quantity of guano is mixed, in a dish, 
with several times its volume of water; heat is then 
applied, and the mass thrown upon a small fitter (pre- 
viously dried in the water- bath and weighed); the 
residue on the filter is washed with hot water till a 
email portion of the washing-water is not rendered tur- 
bid by adding chloride of calcium and ammonia. The 
filter, with the washed guano, is then thoroughly dried 
in a water-bath and weighed. The better the quality 
of the specimen, the less insoluble residue will be 
obtained. Good samples of guano leave from 40 to 45 
per cent., those of bad quality as much as 70 or 80. 
If the guano be adulterated with common salt or with 
Glauber's salt, it will behave to this test like a genuine 
specimen, but furnish a greater quantity of ash in Ex- 
periment HI. 

Y. The guano under examination, may be treated 
with moderately strong hydrochloric acid. Good guano 
effervesces but slightly ; a specimen of guano adulte- 
rated with chalk, would effervesce Btrongly, and would 
leave a proportionally larger quantity of ash in Ex- 
periment III. 

YI. The ash obtained in III. is dissolved in dilute 
hydrochloric acid, which should give rise only to slight 
effervescence, if the guano be unadulterated. The so- 
lution is filtered from the residue, the latter washed, 
dried, thoroughly burnt, together with the filter in a 
weighed crucible, over the spirit-lamp, and weighed. 
This insoluble residue, consisting partly of sand. 
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amounts, in good (undried) guano, to only 1 or 2 per 
cent. 

VII. The 61tered hydrochloric solution is mixed 
with a slight excess of ammonia. The precipitate thus 

froduced consists almost entirely of phosphate of lime, 
t is filtered off, washed, dried, and ignited; its quan- 
tity in good guano amounts to 20 or 26 per cent. 
• V III, The filtrate from this precipitate should fnr- 
niah only slight indications of lime on addition of 
oxalic acid ; bnt if the guano be adulterated with chalk, 
this reagent will produce a very considerable precipi- 
tate. This solution ought therefore to contain only the 
alkaline salts, amounting to 5 or 10 per cent, of the 
original undried guano. In order to determine them 
directly, which is generally unnecessary for practical 
purposes, the solution must be mixed with some more 
chloride of ammonium, and evaporated to dryness; 
the residue is heated to volatilize the excess of chloride 
of ammonium, and to convert the sulphates into chlo- 
rides, weighed, and farther treated as in No. 4. 

IX. The aqueous solution, which was obtained in 
the lixiviation-test (IV.), and of which a fresh quantity 
may be prepared so as to be saturated, has a brown 
color and a saline taste. When evaporated it evolves 
ammonia, emits a urinous odor, and leaves a brown 
crystalline' mass, consisting chiefly of sulphates of 
potassa and soda, chloride of ammonium, oxalate and 
phosphate of ammonia. This solution exhibits the 
following reactions : — 

When mixed with hydrate of potassa, it smells 
strongly of ammonia. 

With chloride of ammouium, ammonia, and sulphate 
of magnesia, it gives an abundant pulverulent precipi- 
tate or phosphate of magnesia-ammonia. 

When acidified with acetic acid and tested with 
chloride of calcium, it gives a copious precipitate of 
oxalate of lime. 



:,q,t,=cdbvGoOglc ^_ 



3S6 ovAHa 

After addition of excess of hydrochlorie acid, it 
gives, with cbloride of barium, a considerable precipi- 
tate of snlpbate of barjta. 

X. When guano ia exahuated witb cold water, and 
the residue digested witb a weak solatioD of oaustio 
Boda, urio acid is extracted. The solution ia filtered, 
and feebly acidulated with hydrochloric acid, when 
the uric acid is precipitated. After being filtered off 
and washed, it is easily soluble in caustic potassa, and 
may be reprecipitated by hydrochloric acid. If it be 
dissolved in warm dilute nitric acid, the aolution evapo- 
rated to dryness, and the residue moistened with 
carbonate of ammonia, a fine purple-red color ie pro- 
duced. 

XI. The quantity of organic matter can be estimated 
directly only by an nltimate organic analysis. In 
good undried guano it amounts, taking the ammonia 
into acooaut, to about 50 per cent. 

XII. The exact determination of the nitrogen re- 
quires also an ultimate analysis. This element should 
amount to 12 or 14 per cent.; bad samples contain 
only IVom 1 to 6 per cent. The quantity of nitrogen, 
may, however, be approximately determined by the 
following method, which therefore allows us to ascer- 
tain rapidly tbe value of different specimens of guano. 
It depends upon tbe circumstance that when guano is 
treated with a solution of chloride of lime (hypochlorite 
of lime), tbe nitrogen of the organic matter and of tbe 
ammoniacal salts is evolved as gas,* Instead of col- 
lecting and measuring the gas evolved, which would 
be scarcely practicable, on account of the violent effer- 
vescence, tbe volume of water which is expelled by 
the gas is ascertained by meaos of the simple apparatus 

• Fartlier oxparimeiitg are required to ehow th»t alt tha nltrogon 
Is here SToWed la the gaseouB Btala, aud to aaoertaia how tho 
Tarions iillr<%«n-oonipoaDdB behave witli chloride of lliue. 
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represented in the figure; it consists of a flask capable 
of conuining about } pint, provided with a narrow 




gaa-delivery-tnbe bent twice at right angles. One 
limb, rather the shorter of the two, is passed, air-tight, 
through the cork of the flask, and bent upwards to 
prevent, as far as possible, the escape of bubbles of gas. 
This tube descends nearly to the bottom of the flask. 
A second very narrow short tube is also passed through 
the cork, and serves for the escape of air when the cork 
is introduced. The longer limb of the delivery-tube 
dips into a tall cylinder or tube, which is graduated 
to cubic centimeters, or cubic inches. The flask is 
half-filled with solution of chloride of lime ;* 1 grm. 
of guano is then weighed in the small glass vessel (the 
end of a test-tube) in which a few small shot have been 
placed, in order that it may float upright. With the 
aid of the handle of iron-wire shown in the figure, the 
tube is let down so as to float upon the surface of the 
solution of chloride of lime ; the cork with the tube is 

* This solution moat be oarefally prepared and beptin a dark 
pUcs, in a oloBed reBBel. It mast oootain an exoeBS of hydrate ot 
Ume, and therefora need not be perTaotly clear. 
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then tightly adjasted, the orifice of the smaller tube 
closed with wax, aad the flask shaken so that the IHtle 
vessel may fill and sink. A volume of liquid equal 
to that of the nitrogen evolved from the guano then 
flows into the graduated cylinder ; when no more liquid 
passes over, the cylinder is depressed so aa to bring 
the liquid to the same level as that in the generating- 
flask ; the wax plug ia then removed, the cork with- 
drawn, and the liquid still contained in the delivery- 
tube is allowed to ran iuto the cylinder, where the 
whole is carefully measured. 1 grm. of good guano 
evolves between 70 and 80 cub. cents, of gas. 



120. OXALATE AND PHOSPHATE OP LIME. 

A mixture of these two salts dissolves in nitric acid 
without effervescence, and ia precipitated from the 
solution by ammonia. If it be digested, when freshly 
precipitated, with acetio acid, the phosphate of lime 
may be dissolved, while the oxalate is 1^ 

If the mixture be previouly ignited, it dissolves in 
nitric acid with effervescence, and ammonia then pre- 
cipitates from the solution only the phosphate of lime, 
while the lime which bad been in combination with 
oxalioacidremainsinsolution, andmay be precipitated 
by oxalate of ammonia, and quantitatively determined. 
Phosphate of lime, when freshly precipitated, may be 
recognized by the yellow color which it assumes when 
moistened on the filter, with nitrate of silver. It is 
analyzed as in No. IS. 

If the (wo salts be dissolved in the smallest possible 
quantity of hydrochloric acid, and the solution mixed 
with an excess of acetate of soda, the oxalate of lime 
is precipitated, while the phosphate remains in solu- 
tion; from the latter, the lime may be precipitated by 
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oxalate of ammonia, and afterwards the phoephorio 
acid by sulphate of magnesia and ammonia, as in No. 9. 

When the mixture of the two salts is treated with 
ccmoentrated sulphurio aeid, oxalic acid is converted 
into carbonic acid and carbonic «xide, so that by 
employing the apparatus described in the article npoa 
alkalimetry, it3 amount may be inferred from the loss 
of weight. 

By gently heating the mixture with an excess of 
finely- powdered biijoxide of manganese or neutral 
chromate of potassa, or with binoxide of lead and di- 
lute sulphurio acid, all the oxalic acid is converted into 
carbonic acid, the quantity of which may be determined 
by the use of the apparatus above alluded to. 2 eqnivs. 
of carbonic acid correspond to 1 equiv. of oxalic acid. 

If binoxide of lead he employed in this operation> 
the quantitative determination of the phosphoric acid 
may be effected at the same time; for this purpose, 
the mixture is digested for some time, to liberate the 
whole of the phosphoric acid; several volumes of 
alcohol are then added, in order to separate the sul- 
phate of lime, the solution filtered, uid the reaidne 
washed with aloohoL From the filtrate, after the 
evaporation of the alcohol, the phospborio acid may 
be precipitated by sulphate of magnesia and ammonia. 

A very accurate method of estimating oxalic acid 
consists m converting it into carbonic -acid by means 
of a solution of terchloride of gold, weighing the 
reduced gold, and calculating thenoe the amount of 
oxalic acid : 3 equivs. of the latter reduce 1 eqaiv. of 
gold - 197. 

For this purpose the mixture of the two salts is 
dissolved in the smallest posmble quantity of bydro- 
ehlorio acid (a large excess impedes the reduction in 
gold), mixed with an excess of a solution of terchloride 
of gold, or better, of sodio-ohloride of gold, diluted 
with much water, and heated to ebullition. The re- 
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dnced ooberent gold is easily washed ; it is to be dried, 
ignited, and weighed. 

The excess of gold is removed from the solution by 
salphuretted hydrogen, or by boiling with oxalio acid, 
and the pfaosphorio acid and lime are then separated 
and estimated aa in No. 13. 



' 121. ALKALIMETRY. 

The specimens of potashes and soda-ashes met with 
in commerce contain very variable qoantities of foreign 
substances. The amount of carbonated alkali, upon 
which their value alone depends, varies between 40 
and 95 per cent. 

The potashes contain chiefly chloride of potassium, 
salphate, silicate, and phosphate of potassa, and carbo- 
nate, phosphate, and silicate of lime. 

The soda generally contains chloride and sulphide 
of sodium, sulphate, silicate and hyposulphite of soda, 
and often also hydrate of soda. 

The amount of alkaline carbonate present in the 
sample, may be determined by several methods. 

I. By the standard solution teat, i. e., by exactly neu- 
tralizing a vxigked portion with dilute sulphuric acid of 
ktiowH strength. 

In order to prepare the test-acid, a known quantity, 
say 70 grms. of concentrated sulphuric acid, are diluted 
with 600 grms of water. 

5 grms. of pure anhydrous carbonate of soda are 
weighed, dissolved in hot water, and the solution 
colored blue with a little tincture of litmus. 

The test-acid is then added to the solution, from a 
burette, very carefully as the point of neutralization is 
approached, until the color is just changed to red, and 



:,q,t,=cdbvGoOglc 



ALEALIUETBT. 241 

streaks wbioh are made with the liquid upon litmus* 
paper, remaio red after drying. 

The namber of meaaures of acid employed ia thea 
observed, and the whole of the test-acid ia diluted with 
BO maoh water, that exactly 100 measures are required 
to neutralize 5 grms. of pure carbonate of soda. This 
stock of test-aoid is preserved in a well-stopped bottle. 
It indicates immediately the percentage of caaatic or 
carbonated alkali in a specimen of potaahes or soda, 
provided that a quantity of the sample be employed, 
which is equivalent to 5 grms. of caroonate of soda. 



100 " " " 6.4S7 " of 0Mb. of potMM. 

100 « « « 4,421 II or potaBBk. 

So that if 6'487 grms. of a aample of potaahes be 
taken, the number of measures of acid employed will 
expreas, directly, the percentage of carbonate of potassa, 
or if 4.421 grms. be used, of anhjdroua potassa, con- 
tained in the specimen. 

Instead of sulphuric acid, pure crystallized oxalic 
acid may be very oonvenieulJy employed for preparing 
the test-solution. Ad equivalent of tbe acid (63 grms.) 




is introduced into a flask of 1 litre capacity, which is 
then two-thirds filled with water : the aotd is allowed 
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to disaolre, and so much v&ter added that the whole 
eolutioD may measure 1 litre or 1000 oubio oentime- 
ires, at 17.5° C. 

One hundred cub. cents, of this test-acid will theo 
exactly neutralize ^^j of an equivalent proportion of 
either alkali. It is therefore necessary to weigh out 
^<g of an equivalent proportion (in grammes) of the 
anhydrous alkali to be tested, that is, 6'd2 grms. of 
potashes, or 632 grtns. of soda-ash. In order to obtain 
perfectly aocuratd results, the process ia oonducted aa 
ibiiowB : The soluUon erf alkali to be tested, is intro- 
duced into a flask colored, with tincture of litmus, 
and the test-acid poured into it from a burette, until 
the color changes from blue to violet, and the efler- 
vescence is very feeble. The solution is now heated to 
ebullition, and more acid added uoiil the color has 
become decidedly red. 6 or 10 cub. cents, of the test- 
acid are then added ia ezcese ; the alkali will be now 
supersaturated. By boiling, agitating, and finally suck- 
ioz out with a glass tube, the last traoes of oarbonie 
acid are removed <* >iiow required to determine 
exactly bow br tae neutralization of the alkali has 
been exceeded ; for this purpose a standard solution 
of caustic soda is employed, of such strength that it 
is exactly neutralized by an equal volume of the test- 
acid ;* this solution is added from a burette graduated 
to !>„ cab. cent, when the red color rapidly- changes 
to violet, and then suddeflly to pure blue. The num- 
ber of cubic centimetres of soda-solution employed, is 
then deducted from the volume of test-acid previously 
added ; the remainder gives the percentage of pare 
alkaline carbonate. 

" This solnUon of soda mnet be perfeotlj free from ouhonlo 
acid. In order to [iieserTe it Id that state, the bottle is closed 
nitb a cork, throagh which pasaes an ordinary ebloride-ot-oaloinm-. 
tnbe, open at both ends, and Alted with a mixture o( (Hanbet'a 
salt and qaicklime in powdoi. 
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The droppiag-tubea or burettes employed for these 
analyses with standard solutions, are made of different 
forms, l^e commonest ia that represented in Fig. SO a, 

Rg. 30. 



and consists of a glass tube, closed at one end, aboat 
0.26 metre (or 12 inches) long, and 0.01 metre (or } 
inch) in diameter ; into the lower part of this tube is 
oemented another, very much narrower, which is fixed 
parallel with the larger tube; the extremity of the 
small tube is bent outwards and sharply cat oS, so 
that the. liquid maybe conveniently poured &om it. 
The whole of the veasel is divided into known volumes, 
and it is preferable to take from 25 to 60 cub. oents- 
and to divide these into fractional parts. The zero 
should be placed at the top of the scale, below the 
level of the orifice of the spout. 

Another form is that shown in Fig. 30 h, which 
consists of a single divided tube furnished at the top - 
with a spout, and with an orifice for pouring in the 
liquid. 

A third form of burette, which is the most suitable 
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and conTenient, and can be very easily made by tbe 
analyst himself, is tbat represeoted by the adjoining 
6gare. It oousists of a glaas tube, about 0.01 metre 



in diameter, which is divided into 26 or 50 cubic cen- 
timetres, and drawn oat to a point at tbe lower ex- 
tremity. To this open point is attached a narrow tube 
of vulcanized caoutchouc, about an inch long, and in 
tbe lower end of this tube is inserted a short glass tabe 
drawn out to a narrow point and cut smoothly off; 
this tube serves for dropping the liquid out, and is 
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tigbtly connected with the graduated tube in such a 
manner that a considerable interval may be tell 
between the ends of the two tubes. Upon this part 
of the caoutehouc tube is fixed a clamp made of thick 
brass wire, shown with ite actual dimenaions, in the 
accompatijing figure, so constructed that the caout- 



Fig. 82. 




chouc tube may be opened by pressing upon the two 
ends of the clamp, and closed when the pressure is 
removed. Id order to use this tube, it is fixed in a 
stand, in a vertical position, above the vessel contain- 
ing the liquid tobe tested. By pressing upon the ends 
of the little clamp, the caoutcbouu tnbe is opened, and 
' the liquid allowed to flow out, even in single drops, if 
required. At the commencement of the operation, the 
tube is filled with the test-liquid, a portion of which 
is then made to flow out, by pressing upon the clamp 
until it stands exactly at the zero of the scale. 

II. By determining the carbonic acid evolved. 

The carbonic acid is liberated from a weighed por- 
tion of the alkali, in an apparatna which is previously 
weighed (together with the acid used to effect the 
decomposition), and the carbonic acid determined from 
the loss of weight. 

The apparatus employed for this purpose may be 
21* 
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arranged in different ways. That represented in the 
adjoining figure, of about i its real dimensions, will 
render apparent the general principle, upon which they 
are constructed, and will itself fully anawer the pur- 
pose. It consists of a small light flask, closed by a 
cork perforated with two holes, in one of which is 
inserted a tube filled with fragments of chloride of 
calcium, and in the other, a narrow glass tube, running 

Fig. 33. 




nearly parallel with the inner wall of the flask, and 
reaching almost to the surface of the liquid ; above the 
cork, this tube is bent at right angles. 

The specimen to be examined la weighed in the 
flask, the latter about one-third filled with water, and 
the small tube full of acid introduced with a pair of 
pincers ; this tube must be of such a length that it 
cannot fall down in the flask, but may assume the 
position indicated in the figure. Sulphuric acid is to 
be preferred for effecting the decomposition of the 
carbonate, and should be employed in quantity more 
than sufficient to expel the whole of the carbonic acid. 
(For the carbonates of lime, baryta, and lead, nitric 
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acid mnst be employed). — ^The cork, with the chloride- 
of-calcium-tube, and the bent tube ia then introdnced, 
air-tight, into the neck of the flask, the whole appara- 
tus accurately weighed, and the orifice of the bent tube 
perfectly closed with a small cork or with wax. 

The flask is then carefully inclined so that a small 
quantity of the acid may run out of the tube and de* 
compose the carbonate. The carbonic acid which is 
evolved escapes through the chloride-of-calcinm-tube^ 
in which any water which may have been carried off 
with it is retained. So fresh acid is allowed to flow 
out of the tube until the efTervescenoe caused by the 
first portion has ceased, and doea not recommence upon 
gentle agitation. When, at length, the eflerveacence 
has entirely ceased, so that the salt is completely de- 
composed, the plug is removed from the small tube 
and suction applied, by the mouth, to the tube contain- 
ing chloride of calcium, until the air passing through 
the flask no longer tastes of carbonic acid. In very 
exact experiments, a second chtoride-of-calcinm-tubie 
must be attached to the small bent tube, to retain the 
moisture of the air. 

1. Potashes. — The amount of water is ascertained 
by beating the specimen, for .some time, to about 200°. 
For this purpose from 2 to 5 grms. of potashes may 
be taken. 

In order to determine immediately, without calcula- 
tion, the percentage of potassa in carbonate of potassa, 
by means of the above apparatus, 3.14 grms. of the 
specimen must be taken. Since S.14 grms. of pure 
carbonate of potassa evolve 1.00 grm. of carbonic acid, 
the number of centigrammes of carbonic acid evolved 
will represent the percentage of carbonate of potassa. 

2. Soda. — 2.41 grms. of aoda are employed. This is 
the quantity of pure carbonate of soda which evolves 
1.00 grm. of carbonic acid. 

Should caustic soda be contained in the specimen, 
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vbich may be known by the alkaline reaction of tbe 
solution after adding an excess of chloride of barium, 
the following modification of the procese is necessary : 

2.41 grms. of the anhydrous sample are mixed with 
about 8 parts of pure quartz-sand, and about i part of 
powdered carbonate of amm<H]ia; the mixture is moist- 
raed with water, and, afler some tim^ f^ently heated 
till all water and ammonia are expelled. The dry 
reaidne ia then treated, as usual, in the abore appa- 
ratus. 

In order to prevent any inaccuracy arising from the 
presence of sulphide of sodium or hyposulphite of soda 
in the specimen, a solution of cbromate of potassa ta 
added previously to the evolution of carbonic acid, in 
order to oxidize these imparities. 



122. VALUATION OF HANGANESE 0BE3. 

Good manganese ore, which consists almost entirely 
of binoxide of manganese, is orystalline, yields a black 
powder, and, after being dried at a gentle heat, gives 
no water, or only traces, when heated to. redness. Man- 
ganese ore, however, generally contains foreign mine- 
rals, especially the hydratedsesquioxide of manganese. 
In order to determine the amount of binoxide, or, in 
other words, of available oxygen, several methods may 
be employed. 

I. A weighed quantity of the manganese ore, pow- 
dered as finely as possible, is introduced into the appa- 
ratus employed ibr the quantitative estimation of car- 
bonic acid (Fig. 34), where it is brought in contact with 
sulphuric acid and a solution of oxalic acid, when sul- 
phate of protoxide of manganese is produced, since all 
the available oxygen, which may be regarded as in 
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combinatioQ with the protoxide of manganeBe, ia 
evolved in the form of carbonic acid. 




One equiv. of pure binoxide of mang&neBe " 4S.6, 
yields 2 eqnivB. ™ 44 of carbonic ncid. So that 0.99 
grm, of binoxide of manganese evolves 1.00 grm. of 
carbonic acid. It is best to employ three times that 
qaantitj of the manganese ore, viz : 2.97 gnna., which 
are mixed wi^h a solutioD of 2.6 grms. of neutral 
oxalate of potassa ; the sulphuric acid is allowed to 
flow into this mixture, and the amonnt of carbonic 
acid evolved is divided by 8. The qnotieat expresses 
the percentage of binoxide of manganese contained in 
the ore. 

II. The fioely-divided manganese ore is weighed, 
and mixed with water, in a flask capable of being 
tightly closed ; several bright strips of copper, previ- 
ously weighed, are then introdaoed, and a quantity of 
hydroohlorio acid added. The flask is then closed 
with a cork and narrow tube, and the contents digested 
QQtil all the manganese has dissolved, care beiug taken 
that no chlorine is evolved. The liquid is then heated 
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to ebullition for a quarter of an hour, the flask closed 
air-tight, and allowed to cool; the solution is poured 
off, the residual copper washed, first with very dilute 
bydroehlorio acid, then with pure water, dried, and 
weighed. 2 equiva. of copper — 63.4 parts, require for 
their conversion into subchloride, 1 equiv. — 71 parts 
of chlorine. 

Then 68.4 : 71 as the amount of copper dissolved is 
to X (the amount of chlorine sought), 

1.22 grma. of pure binoxide of manganese evolve 
1.00 grm. of chlorine, and therefore are capable of 
effecting the solution of 1.78 grms. of copper. 



123. CHLOHIMBTBT. 

The "bleaching powder" of commerce is a variable 
mixture of hypochlorite of lime and chloride of cal- 
cium, with hydrate of lime. When treated with an 
acid, it evolves the whole of the chlorine in a free 
state. In order to determine its value, i. e^ the amount 
of available chlorine which it contains, difierent 
methods are employed. 

I. Fourteen grms. of pure arsenious acid are dis- 
solved in eolutioa of potassa, and so much water added 

Kg.8C 
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that the liquid may occupy 2000 divisions of the 
graduated burette. 100 measaree, therefore, of this 
solution contain 0.7 erm. of arsenions acid, and the 
solution of chlorine which is required to ooavert this 
into arsenic acid, contains 0.6 grm, of chJonne, since 1 
eqaiT.«90 of arsenions acid, requires, for its oonver- 
aioD into arsenic acid, 2 equivs.— 71 of chlorine. 

Fire grms. of chloride of lime are weighed o^ inti- 
mately mixed with water, by -trituration, rinsed into a 
cylindrical (F%. SQ) glass, and so much water added 
that the wb<^e may occupy 200 measures of the 
burette. 

Flgt. 36. 37. 3S. 3». 



ai- 



One hundred measures of the arsenic-solntion are 
then, by aid of the pipette (Fig. 87), introduced into a 
beaker, diluted with water, an excess of hydrochloric 
acid added, and the liquid coloured with one or two 
dr^s of sulph-indigotic acid. 

The solution of chloride of lime ia well mixed by 
agitation, introduced into the burette (Fig. 89), and 
added to the colored arsenic-solutioD nntil the color 
just disappears. The solution of chloride of lime 
required to produce this eflfect contains 0.5 grm. of 
chlorine. 

For example, if 90 measures of the solution of chlo- 
ride of lime had been employed, the 5 grms. of chloride 
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of lime woold have contained l.lll grma of chlorin*^ 
or 22.22 per cent. * 

Perfectly pure chloride of lime (Ca Cl+CaO, 010), 
-whiob is Dever met with in commerce, contaiiis 48.9 
per cent, of available chloriDe. 

11. A Teigbed qnaatitj of chloride of lime is mixed 
with water, in a Bask, an excess of protochloride of 
iron, free from eesquiahlorida, added, and afterwards 
some hydroohloric acid. Several bright weighed strips 
of copper are then introduced, and the solution boiled 
until the protochloride at first formed is converted into 
subohloride; tfae copper is then withdrawn, washed, 
dried, and weighed. The calculation is effected as in 
No. 121. 



124. ANALYSIS OP NITRE. 

In order to determine the amount of moisture in 
crude nitre, from 6 to 10 grms. of the specimen, pre- 
viously reduced to powder and dried by exposure to 
air, are heated to about 160°, 

The determination of the quantities of the foreiga 
salts present io the specimen, such as sulphates and 
chlorides, lime and magnesia, by the ordinary methods, 
would occupy too much time; it would be preferable 
to estimate them by means of standard solutions of the 
reagents, i. e., by measuring the quantities of the latter 
required to effect complete precipitation. 

The appearance of the fracture is regarded as an 
indication of the quality of the nitre ; in pure nitre, 
the fracture is lustrous, and exhibits a well-defined 
crystalline appearance; but if not more than 2 per 
cent- of common salt be present, it is granular and 
dull. An admixture of nitrate of soda (Chili salt- 
petre) has the same effect. 

Another method, which is likewise, however, inac- 
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curate, but is most readily applied ia practice, depends 
upon the circumstance that a solution of pure uitre, at 
the temperature at which it is saturated, is still capa- 
ble of dissolving other salts, especially chloride of 
sodium. 400 grms. of the powdered specimen are 
shaken with 500 cub. oeuts. of a solution of pare 
nitre; the salt is then filtered off, again washed with 
250 cub. ceDta. of a saturated solution of nitre, dried 
at 100", and weighed. The loss of weight expresses 
the amount of the foreign salts. Since this process is 
liable to error from many causes, and gives the amount 
of pure nitre, on an average, 2 per cent, too high, 
these 2 per cent, must not be neglected in calculating 
the amount of impurity present. 

The following process is more accurate, which con- 
sists in converting the nitre contained in any specimen 
into carbonate of potasita, the amount of which is then 
determined by means of the standard aoid, as in testing 
potashes. 

9.475 grms. of pure nitre furnish a quantity of car- 
bonate potasaa, which is capable of saturating 100 
measures of the acid mentioned in the testing of pot- 
ashes ; so that if this amount of impure nitre be em- 
ployed, the number of measures of acid indicate at 
once the percentage of pure nitrate of potaasa in the 
specimen. 

One-fourth of the above quantity (2,369 grms.) of 
the crude nitre is weighed out, intimately mixed with 
1 grm. of ignited lampblack, or finely pulverized 
graphite,* ana with 12 grms. of ignited and finely-pow- 
dered common salt^ which serves to moderate the vio- 

* If oommon ooal la naed ay&Dide of potaBsf nm and oySDAte of 
potasM iDftj be fonred. Faro grspliita may be prapared by mix- 
ing Ceylon graphilu with ,>, of ohlorate of potasaa to irhtob oou- 
oentrated anlpbario aoid is added, and than warmed nalil no aaid 
fumei! are giren off. The maaa ia tbuu ahakeu with water, (Us 
grapliite waibed and ianiled. 
22 
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lenoe of tbe combustion. The mixture is introdnced 
into a platinum crucible, and heated to redness orer a 
large spirit-lamp or gas-burner. Ifear the close of 
the operation a little chlorate of potassa is scattered in 
the crucible in oese the saltpetre happena to contain 
way sulphates. When cool, it is dissolved in water, 
and the standard acid added in the manner directed 
for testing samples of potashes. The nomber of mea- 
surea of acid employed is multiplied by 4, in order 
to obtain the percentage of pure nitre in the Bpecimen. 

In following this method it is impossible to deter- 
mine the weight of the expelled carbonic acid by 
means of the apparatus generally employed for this 
purpose, on account oi the large quantity of commoD 
salt which has been added. 

The Bimpleet method for the uialysia of nitre con- 
sists in fusing the weighed quantity of nitre with twice 
its weight of fused bichromate of potassa, until all the 
nitric acid is driven off. The loss in weight showB 
the quantity and also amount of pure nitrate of potassa. 



125. GUNPOWDER 

I. For the estimation of moisture, 5 or 6 grms. of 
powder are dried over eulphurio acid, or in the air- 
bath at 100". 

II. A similar quantity of powder is moistened with 
water, triturated in a mortar, rinsed into a filter, and 
thoroughly washed. The solution of nitre thus ob- 
tained is evaporated to dryness in a small weighed 
porcelain dish, the dry residue heated for some time 
to 200", or even till the nitre fuses, and its weight 
determined. 

III. In order to determine the sulphur, 5 grms. of 
powder are intimately mijted with 6 grms. of anhydrous 
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oarbonate oT soda, 6 grm& of aitre, aad 20 grma. 
of deorepitated chloride of sodium, and the mixtare 
heated to redness in a platinum crucible. When cool, 
the mass is dissolved in water, the solution aligbtly 
aoidified with nitric aoid, and the sulphuric acid pre- 
cipitated by chloride of barium. {See No. 3.) 

The amount of carbon may be inferred by differ- 
ence. In order to determine its quality, and to ascer- 
tain whether it has been completely or incompletely 
carbonised, the mixture of sulphur and carbon ia 
boiled with a solution of protosulpbide of potassium, 
which dissolres the sulphur, leaving the carbon, which 
must be weU washed and dried. The sulphide of 
potassium should not contain any free potassa, since 
this might dissolve an imperfectly carbonized char- 
coal. — Bisalpfaide of carbon may aiao be employed for 
the extraction of the sulphur. 

The sulphur as well as the coal may be completely 
oxidized by boiling with a solution oi permanganate 
of potassa. The oxide of manganese is afterwards dis- 
solved by hydrochloric acid, and the sulphuric acid 
precipitated by chloride of barium. 



126. HYDEOCTANIC AOID. , 

In order to determine the strwgth of a solution of 
pure hydrocyanic acid, a weighed quantity of it is 
treated with solution of nitrate of silver, which ia 
added gradually, aud with frequent agitation, until no 
further precipitation takes place, and the odor of 
hydrocyanic acid has entirely disappeared. 

Tbe precipitated cyanide of silver is collected upon 
a filter (previously dried at 120° and weighed), washed, 
dried at 120°, and its weight determined. 

For the estimation of the amount of hydrocyanic 
acid in the aqua amygdalarum amararum aud aqua 
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Jattmcerasi, they must first be mixed with ammonia, 
then with nitrate of silver, aud lastly witli nitric acid. 

If hydrochloric acid be contained in the solution, 
together with hydrocyanic acid, they are both precipi- 
tated from a weighed portion of the solution by nitrate 
of silver, and the precipitate weighed npon a filter 
dried at 120°, Another weighed portion of the solution 
is mixed with aolntion of borax and evaporated to 
perfect dryness. In this way, all the hydrocyanio acid 
is volatilized, and the hydrochloric acid converted into 
chloride of sodium. The dry residue is dissolved in 
water, the solution acidulated with nitric acid, and the 
chlorine precipitated by nitrate of silver. 

Another method, which may be executed with great 
rapidity, and suffices for the determination of the hydro- 
cyanic acid in any solation, whether bitter almond- 
water or laurel-water, &e., or for ascertaining the quan- 
tity of cyanogen in crude cyanide of potassium, depends 
upon the circumstance that 1 equiv. of cyanide of 
potassium forms, with 1 equiv, of cyanide of silver, a 
soluble compound which is not decomposed by an ex- 
cess of alkali, but from which nitrate of silver precipi- 
tates the cyanide, or if a little solation of chloride of 
sodium be previously added, the chloride of silver. 
The weighed solution, containing hydrocyanic acid is 
mixed with solution of potassa till it has a strongly 
alkaline reaction, and a standard solution of silver ia 
then added till a permanent precipitate begins to ap- 
pear. 1 equiv. of silver employed in the standard 
solution corresponds exactly to 2 equivs. of hydro- 
cyanic acid. 

Ten grms, of pure silver are dissolved in nitric acid, 
the solution evaporated to perfect dryness, and diluted 
with so much water, that the whole solution may 
occupy 1000 cub. cents. 100 cub. cents, of this solu- 
tion, which contain therefore 1 grm. of silver, repre- 
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seut 0,5 grm. of anhydrous li jdrooyanio acid, or 0,481 
ey&aogen, or 1,206 of cyanide of p 



127. FKRR0C3TANIDB OF POTASSIUM. 
2 K Cj-f Fe Cy + 8 H0-K,Cfy + 3 HO. 

The water ia determined by beating the finely-pow- 
dered salt for some time to about 200°. 

The oyanogen can be directly determined only by 
an organic analysis, t. e-., by a combustion. 

For the determination of the amount of iron, the 
salt 13 intimately mixed with 1^ parts of nitre, and as 
much carbonate of soda, and the mixture gradually 
heated to redness in a platinum crucible. On dissolving 
the fused mass in water, the iron remains behind in 
the form of sesquioxid^ which ia washed, ignited, and 
weighed. Since it is liable to contain a small amount 
of alkali, it should be dissolved in hydrochlorio acid, 
reprecipitated by ammonia, washed and ignited. 

In order to determine the potassium and iron, the 
salt is dissolved in water, and the solution precipitated 
by acetate of lead. The precipitate of ferrocyanide of 
lead is filtered off and washed. 

From the solution, which contains all the potassium 
as acetate of potassa, the excess of lead is precipitated 
by sulphuretted hydrogen or sulphide of ammonium, 
the filtered solution evaporated, the residue ignited, 
the carbonate of potassa converted, by hydrocblorio 
acid, into chloride of potassium, and weighed in that 
form, afWr gentle ignition. The ferrocyanide of lead 
is decomposed by digestion with sulphide of ammonium, 
the solution of ferrocyanide of ammonium filtered off, 
2-i* 
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evaporated, and the residual mass i^ited, with access 
uf air, until only pure sesquioxide of iron is left. 

Ferrocyanide of potassium may probably also be 
decomposed by heating with bisulphate of ammonia. 
The residue after ignition would then consist of a 
mixture of sesquioxide of iron and sulphate of potassa, 
from which the latter might be extracted with water. 
Or, to insure an accurate result, the ignited residue 
might be dissolved in hydrochloric acid, the sesqui- 
oxide of iron precipitated by ammonia, the solution 
evaporated, and the residual sulphate of potassa ig- 
nited and weighed. 



128. EXAMINATION FOB ARSENIC IN CASES OF 
POISONING. 

When poisoning by arsenic is suspected, the poison 
must be sought in the contents of the stomach and in- 
testinas, in the substance of these organs even, and in 
other entire organs, as the liver, spleen, ard lungs; an 
examination must also be made of the vomited matters, 
and of the surrounding objects, upon which these may 
have fallen ; the urine and fceces should also be tested 
for arsenic. The nature of the case will decide in 
which particular direction the arsenic is to be looked 
for. It may also sometimes be necessary to examine 
the remaining portions of suspected food, or the ves- 
sels, in which the food has been contained, or even the 
vessel or paper which may have been used to contain 
the arsenic. When the body has been long interred, 
and is far advanced in putrefaction, and the wood of 
the coffin has rott«d away, it becomes necessary to test 
the surrounding earth for arsenic which may have 
been derived from the body. 

The chemical investigation must be preceded by a 
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very careful exfttnination of the contents of the stomach 
and intestines, or of the vomited matters. The sub- 
stances to be examined are spread ont in nev and clean 
porcelain dishes, turned over with perfectly clean glass 
rods or spatulas, and examined with the help of a lens, 
The analyst should seek especially for small white 
hard particles or grains of andissolved arsenious acid, 
which may be carefully picked out with a pair of pin- 
cers. These must be looked for "especially in the folds 
of the mucous coat of the stomach and intestines. By 
stirring up the contents with distilled water, or better, 
with spirit, and pouring off the lighter organic mat- 
ters, it is often possible to separate a considerablo 
quantity of the heavy arsenic-powder. 

In a judicial investigation of this description, the 
aim of all chemical operations is to obtain the arsenic 
in its elementary solid state, as the so-called metallic 
arsenic. In this form alone it is possessed of such highly 
characteristic properties as to render it impossible to 
confound it with any other substance, and to allow it 
to be distinctly recognized even when in almost impon- 
derable quantities. Moreover, all evidence of its pre- 
sence is insufficient, unless it can be laid before the 
tribunal in this form ; and all other forms and states of 
combination must be considered as affording inconclu- 
sive testimony as to the existence of arsenic in the 
substance under examination. This preparation or 
isolation of arsenic in its metallic state, even in the 
smallest, almost imponderable quantities, is very sim- 
ple and easy. GrSat difficulties, however, present 
themselves, when it is necessary to extract these traces 
of arsenic, which are diObsed through a frfaole body, 
from the great mass of organic matter, and to convert 
them into some form of combination, from which the 
arsenic can be extracted in the metallic state. 

It is most convenient, in considering the process 
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employed for the chemical examiDation, to regard 
three different oases as possible : — 

I. The arsenioiiB acid is found in the solid state in 
the contents of the stomach and intestines, or in the 
vomited matters. 

I!. The poison ia intimately and invisibly mixed 
with, or dissolved in, the contents, &o., and can there- 
fore no longer be found, or separated by mechanical 
meanB, in the solid state. 

III. The stomach and intestines are empty or no 
arsenic can be detected in them, since it has already 
been absorbed into the mass of the blood, or into the 
substance of the different organs. 

I. The arsenic is still to be found in the solid state, 
and may be picked out or separated by levigation from 
the contents of the stomach, &c.* This case is the 
easiest of the three, since it is only to be proved that 
the substance found is really arsenic. This may be 
known by the grains or particles exhibiting the follow- 
ing characters, after having been properly freed from 
organic matter: — 

1. The particles are generally milk-white, more rarely 
clear and semi-transparent, bard, and brittle. 

2. A particle of arsenious acid, however small, when 
introduced into a small tube closed at one end, and 
healed in the edge of the spirit-fiame, volatilizes and 
recondenses farther up the tube, in the form of a white 
sublimate which may be seen, especially when exam- 
ined with a lens, by sunlight, to consist of very lus- 
trous octohedral crystals. 

3. A small fragment placed upon red-hot charcoal, 
is volatilized, emitting a powerful odor of garlic (on 
red-hot glass or porcelain it volatilizes vnthout garlic 
odor, because it is not reduced to the state of metal), 

* PoiBODlng Bometlmee happens from commercial metallic sna- 
nio (B;-poiBOD, cobalt, &o.). Brown isli -Ma uk graiDH or particles 
sUould then bu looktid for, wbich am easily recognizod as araeuio. 
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4. A particle of (be substance is placed in tbe end 
of a very narrow tube (Fig. 40), and above it several 



splinters of freshly-ignited charcoal so that they may 
occupy about J inch of tbe tube. This part of the 
tube is now beld horizontally, in the flame of the spirit- 
lamp, in Hucb a manner that the spot vhere tbe arse- 
nious acid is placed may remain without tbe flame. 
When tbe charcoal is heated to redness, that portion 
of the tube is also brought into the flame when the 
volatilized arsenious acid, passing over the red-hot 
charcoal, is reduced, and the metallic arsenic deposited 
beyond the charcoal, in the form of a dark, lustrous, 
metallic ring. By a gentle heat, this metallic incrus- 
tation may oe carried still farther up the tube. If 
the incrustation be chased hither and tbithor in tbe 
tube it is oxidized, or at least partly, and converted 
into small shining, colorless, volatile crystals of arse- 
nious acid. If the tube be cut off, just before the part 
which contains the metallic ring, and the latter then 
gently heated, the characteristic garlic odor of arsenic 
may be perceived on approaching the nose to tbe ori- 
fice of tbe tube. 

5. This reduction of arsenic to tbe metallic state 
may be effected with greater ease and certainty by 
dissolving a small quantity of tbe substance in water 
containing hydrochloric acid, and testing the solution 
in Marsh's apparatus, in the manner to be presently 
described more particularly. 

6. A particle of the arsenious acid is heated in a 
small glass tube, closed at one end, with a piece of dry 
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acetate of potasaa about as large as a pin's head, when 
tlie indescribably offeusive aod charocteristio odor of 
kakodyl should be evolved. 

7. One or more fragmenta are finely powdered, 
QDder distilled water, the powder rinsed into a small 
beaker-glass with 20 or 30 drops of water, and the 
mixture heated nearly to ebullition until the powder 
is dissolved. A part of this solution is mixed, in a 
small test-tube, with several drops of solution of nitrate 
of silver, and afterwards with very dilute ammonia, 
added drop by drop. In this way, if the substance 
were arsenious acid, a considerable bright yellow pre- 
cipitate of arsenite of silver will be produced. — An- 
other portion of the liquid, mixed with several drops 
of a clear solution of ammonio-sulphate of copper, 
gives a fine yellowish-green precipitate of arsenite of 
copper. A third quantity of the solution, mixed with 
a few drops of hydrochloric acid, and afterwards with 
several times its volume of sulphuretted-hydrogen- 
water, gives a bright yellow precipitate of tersulphide 
of arsenic, which redissolres perfectly on adding am- 
monia. 

Of all these reactions, the reduction to the metallic 
state in Nos. 4 and 6 is the moat necessary, because it 
is most characteristic and conclusive. The others are 
to be viewed rather in the light of superfluous confir- 
mations, and are only employed when a considerable 
quantity of substance is at the analyst's disposaf. 

II. Arsenic can no longer be perceived by the ejo, 
or mechanically separated, in the solid state, but ia 
contained in a state of solution, or of intimate mixture, 
in the contents of the stomach, &o. In this case, 
which is more difficult and of more frequent occur- 
rence than the preceding, the problem consists in dis- 
solving and destroying, by appropriate reagents, the 
whole mass of the organic matter composing the con- 
tents, the vomited matters, the food, and even the 
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Btomach and intestines themaelves. This is always 
necessary before the arsenic can be detected with cer- 
tainty. 

It is indispensably neoeaeary that this operation 
should be preceded by a most careful examination of 
the reagents to be employed, in order to ascertain 
whether they oontain, as is not nnfreguently the case, 
a small quantity of arsenic This is equally requisite 
whether the reagects have been purchased or have 
been prepared by the analyst himself. The distilled 
snlpburio acid, the hydrochloric acid, and the zinc 
most espeoially be examined. This is most conveni- 
ently enected in Marsh's apparatus, which will be pre- 
sently described, and which is invaluable as allowing 
the reagents, which are employed in it, to be »o readily 
and surely tested. Without such previous proof of 
the absence of arsenic in the reagents, upon which the 
chemist must lay great stress in his depositions, the 
detection of arsenic in investigations of this descrip- 
tion cannot be brought forward in evidenoe, since it 
might have been derived f^om the reagents employed. 
It should farther be observed and stated in evidence, 
that the investigation was condncted with new atensils 
and vessels which had not been used before ; and it is 
advisably moreover, to insure perfect satisfaction, that 
it should not be carried oat in an ordinary chemical 
laboratory, or, at all events, that the laboratory shonld 
be well cleared before the judicial inquiry is entered 
apon. 

If arsenic should be found in an examination con- 
ducted with all these precautions it is still necessary 
to reflect that it might occur in the body quite acci- 
dentally ; especially after the administration of certain 
medicinal remedies, such as the antimonial compounds, 
preparations of phosphorus, phosphoric, sulphuric, 
and hydrochloric acids, which may contain arsenic 
from carelessness in their preparation. Even the hy- 
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drated sesquioxide of iron, administered as an antidote 
in a suspected case of poisoning, might hare contained 
arsenic, unless prepared with great care. Or the 
arsenic may have been administered as a remedy 
(especially as a secret medicine). When bodies have 
been exfaamed, it becomes necessary to test the earth 
with which the coffin has been in contact, since it 
sometimes happens that soils, especially such as are 
ferruginous, contain appreciable quantities of arsenic, 
which might have entered into the body. 

Various methods are employed for the tnodificatioa 
or destruotioD of the organic matters, with a view to 
the extraction of the arsenic. 

1. When the substance is in the form of a paste, as 
in the contents of the stomach and in the feeces, 
chlorine-gas is passed to saturation. The oblorine is 
prepared by means of sulphurio acid and manganese, 
which hare been previoasly tested, and is washed by 
passing throngb a small but high oolumit of water. 
In order to assist the action, tbe mass may, at the same 
time, be gently heated. Lastly, when it is completely 
saturated with gas, coagulated, and bleached, the mix- 
ture is heated nearly to ebullition to expel the excess 
of chlorine, and the solution, which must contain the 
arsenic, is filtered through paper free from smalt. 

2. The stomach and intestines, with their contents, 
are cut into &ne shreds, placed in a porcelain dish, and 
the whole mass uniformly mixed. About J is then 
set aside in a clean covered glass, in case any accident 
should happen to the remainder. The mass is then 
treated with a moderately concentrated solution of 
potassa, and heat applied until it is entirely or almost 
entirely dissolved. Only a small quantity of potassa 
is necessary for this purpose, and ihe potassa should 
therefore be gradually added to the mixture, so as to 
avoid an excess, which would interfere with the sub- 
sequent operations. The solution is afterwards slightly 
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acidified with dilute sulphario acid, and chlorine-gas 
is passed, to saturation, iuto the mass thus coagulated, 
as in 1. 

S. The organic matter cut into shreds, is treated 
with about as much pure concentrated hydrochloric 
acid as is equal to the weight of the dry substances 
contained in the mass ; enough water is then added to 
form a thin paste. The dish is heated on a water- 
bath, the contents stirred every five minates, and about 
30 grs. of chlorate of potaasa (free from lead) added to 
the hot liquid until it has become clear yellow, homo- 
geneous, and limpid. After being heated for some 
time longer, the solution is strained through a moist- 
ened filter of white paper, free from smalt, the residue 
washed upon the filter with hot water till the washings 
are no longer acid, the whole liquid poured together 
into a porcelain dish, and evaporated to about 1 pound 
upon the water-bath. 

The solution obtained by one of these methods is 
poured into a cylindrical glass or into a flask, and a 
slow stream of sulphuretted hydrogen gas passed into 
it to complete saturation. All the arsenic is thus pre- 
cipitated as sulphide. Its precipitation is much pro- 
moted if the liquid be heated for about half an hour to 
60° or 60°, while the gas is passing, and allowed to 
cool before the stream of gas is disoontinned. When 
saturated, the liquid is allowed to remain for twenty- 
four hours in a closed vessel. The precipitate which 
is then deposited has generally, even if much arsenic 
be present, a dirty, undecided, grayish-brown color.* 
The greater portion of the solution is poured o£^ and 
the precipitate thrown upon the smallest possible filter 
of Swedish paper, free from smalt, upon which it is 

* If le&d, copper, meronrj, or antimony were present, the preci- 
pitate would sIho contsiu the sulphides of these metala, for which 
it would bare to be particalarlv examined. 

23 
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well washed. Tbe filtrate, before being thrown away, 
Bhoutd, for greater certaiDij, again be saturated with 
sulphuretted hydrogen gas and set aside for some time 
in a closed vessel. 

This precipitate always contains, in addition to sul- 
phide of arsenic, certain sulphuretted organic matters 
which are precipitated with it, and must be completely 
destroyed ; this is beat effected in the following man- 
ner: — 

The jilter containing the precipitate is placed in a 
somewhat capacious cmcible of genuine porcelain, and 
digested with concentrated nitric acid antil the whole 
is converted into a homogeneous mass. The free ni- 
tric acid, of which more may be added if necessary, is 
neutralized with pure carbonate of soda, and tbe solu- 
tion carefully evaporated to dryness. It is important 
that the mass should contain a sufficient quantity of 
nitrate of soda, which is easily insured. It is gradu- 
ally heated over a large spirit lamp, or gas-burner, 
until the salt fuses ; it blackens at firal^ but afterwards 
foses, quietly and without deSagration, to a clear color- 
less liquid. The whole of the organic matter is now 
burnt, and the arsenic converted into arsenate of soda. 

Pure concentrated sulphuric acid is then gradually 
dropped upon the cooled saline mass in tbe crucible, 
and a gentle heat applied, until, after addition of an 
excess of acid, the nitric and nitrous acids are com- 
pletely expelled, and the mass is converted into bisul- 
pbateofsoda. If nitric acid containing hydrochloric 
acid had been originally employed for the oxidation 
of the sulphuretted hydrogen precipitate, a loss of 
arsenic might now result, from its volatilization as 
chloride of arsenic. The purity, in this respect, of the 
nitric acid and carbonate of soda, must therefore have 
been previously ascertained. 

The acid saline mass ia now dissolved, in the crucible 
itself, with the smallest quantity of hot water, and the 
solution introduced into Marsh's apparatus. 
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4. The organic matter is introdnoed, together with 
the whole of the liquid, into a capacious tubulated 
retort, and about an equal weight of rock-salt, or of 
fused commoD salt, in small fragments, added. The 
retort is connected with a tubulat^ receiver, furnished 
with a delivery-tube which dips into water. A quan- 
tity of (tested) sulphuric acid, sufficient to decompose 
the whole of the chloride of sodium, is then poured 
upon the mass through a funnel tube passed into the 
tubulure of the retort. When the intumescence and 
evolution of hydrochloric acid have ceased, the con- 
tents of the retort are heated to boiling, the receiver 
being kept thoroughly cool. All the arsenic is thus 
distilled off as chloride, especially towards the last, in 
proportion as the contents of the retort become more 
concentrated, on which account the distillation should 
be carried pretty far. The arsenic is converted into 
chloride, even when it exists in the mass, in the forra 
of sulphide. The distillate may be at once introduced 
into Marsh's apparatus. It is safer, since some organic 
matter might possibly have passed over, to precipitate 
the arsenic from the solution by sulphuretted hydro- 
gen, and to treat the precipitate as directed above. la 
the same way the small quantity of arsenic contained 
in the water in which the hydrochloric acid was con- 
densed, may be precipitated. This method seems to 
be the most simple and sure, to distil the mass directly 
with concentrated hydrochloric acid, instead of salt 
and sulphuric acid, and the arsenic passes over as 
chloride. 

Marsh's apparatus has the following simple con- 
struction : a is a two-necked bottle capable of holding 
I, or at most 1 pint. Both necks are fitted with new 
perforated corks, which must be perfectly tight. 
Through one of these, the funnel tube b is passed air- 
tight, and through the other, the bent tube c, which is 
expanded at c into a bulb about an inch in diamoter. 
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This bulb serves to collect the particles of liqnid which 
are thrown up from the contents of the bottle, and 




which drop down again into the latter, from the ob- 
liqnely cut end of the tube. The other end of this 
tube is connected, by means of a cork, with the tube 
d, about 6 inches long, which is filled with fused pure 
chloride of calcium, free from powder, destined to re- 
tain the moisture. In the opposite end of the tnbe d, 
is fixed, air-tight, another tube e, made of glass free 
from lead, 12 inches long, and at moat j\ inch in in- 
ternal diameter. It should be made of rather thick 
glass, and somewhat drawn out at the end. It must 
be observed that the funnel-tube d is indispensably 
necessary. If a two-necked bottle cannot be procured, 
one with a single neck must be provided with a cork 
bored with two holes. 

A better form of apparatus than the one just de- 
scribed is shown in Fig. 42, which differs from it in 
having the large tube filled with asbestua to prevent 
impurities being carried over mechanically by the cur- 
rent of gas. 

Several ounces of granulated zinc are introduced 
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into the bottle, which ia theD hatf-GlIed with distilled 
water: when the apparatus is all arranged, distilled 




concentrated snipburic acid is added in small portions 
by the funnel tube b, very gradually, so that the mix- 
ture may not become too hot, lest sulphuretted hydro- 
gen should be formed. The evolution of hydrogen ia 
allowed to proceed until it ia judged that all atmoa- 
pheric air ia expelled, and that the apparatus is per- 
iijcily filled with hydrogen. 

The narrow delivery-tube is then heated to redness 
at e, for at least half an hour, bj a spirit lamp with a 
doable draught, or a powerful gas-burner, the erolu- 
tioo of hydrogen being constantly maintained by 
adding acid from time to time. In this way, the acid 
and zinc are tested for any trace of arsenic which 
might be present. If they are pure, no incrustation 
will be deposited at the ignited spot, e. If arsenic be 
present, a metallic mirror is obtained at this portion 
of the tube, and the acid and zinc cannot be used; 
even the apparatus must then be carefully cleaned, or, 
better, replaced by a new one. In the same manner 
any arsenic might be detected in the hydrochloric 
acid, the chlorate of potaesa (after having been com- 
pletely converted by fusion ioto chloride of potatn- 
26* 
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Hium), the nitre, and the hydrate of potassa (for the 
third case), which must firat be converted into sul- 
phate by adding sulphuric acid. The quantities em- 
ployed for testing should not be too small; at feast 
an ouDoe of each reagent should be taken. 

When the reagents have been tested in this manner, 
and shown to be absolutely free from arsenic, the 
examination of the substance may be proceeded with. 
The sol ution to be tested, containing any arsenic which 
may have existed in the body, is poured through the 
funnel tube b into the apparatus filled with hydrogen, 
and from which hydrogen ia being evolved, the tube e 
being already heated to redness at the same spot. In 
order that none of the liquid may remain in the tube 
b, the latter is rinsed with about the same quantity of 
pure water, care being taken that no air is pour^ in 
with it. 

If arsenic be present, there will soon appear, in the 
portion of the tube e, beyond the heated spot, a dark 
stain, which is at first brownish, and afterwards becomes 
lustrous and gradually increases until, when large 
quantities of arsenic are present, it forms an opaque 
metallic mirror. At the same time the gas issuing 
from the tube e may be kindled, and a dish of white 
genuine porcelain held in the flame, which should not 
be too feeble; lustrous black or brownish spots of 
metallic arsenic will then be deposited, and a great 
many may sometimes be obtained. When the heated 
portion of the tube is not very long, more or less 
arsenetted hydrogen escapes decomposition and fur- 
nishes the above-mentioned spots. No imitation of 
porcelain (stone-ware or delf) should be employed for 
this purpose, since the glaze of these materials very 
often contains- lead, the reduction of which might pro- 
duce dark spots even though no arsenic were present. 
If a large quantity of arsenic be contained in the mix- 
ture, so that many thick arsenic-spots can be obtained. 
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they may be easily recognized by meana of the charao- 
teriatic reactiona given above, after they have beea 
dissolved in a few drops of nitric acid, and the greater 
excess of acid has been expelled by a very gentle beat. 
If only traces of arsenic be present, the spots are so 
feeble that their nature may remain uncertain. The 
only indication which is perfectly conclusive, is the 
production, in the red-hot tube, of a metallic mirror, 
which must volatilize when gently heated, and re-con- 
dense upon a cool part of the tube, at the same time 
imparting to the evolved gas the peculiar garlic odor. 

When the arsenical mirror no longer increases, and 
the Qatne ceases to deposit the spots, the operation is 
discontinued. It is then very convenient to draw the 
tube e gently out, while it is still red-hot and soft, and 
to close it, when the metallic mirror is obtained in a 
tube, which may be sealed also at the other end, and 
laid before the authorities. 

If the analyst have reason to believe that a large 
quantity of arsenic is present, it is well not to employ 
the whole quantity of liquid at once, but to divide it 
into several portions, and to make use of a much lon- 
ger tube e, so as to obtain the arsenic- mirror in several 
places. The tube is then cut with a flle^nto as many- 
pieces as there are mirrors of arsenic. That which 
contains the most characteristic mirror ia sealed at 
both ends and produced in court; the remaining mir- 
rors are subjected to .the tests given at p. 260, among 
which the ready volatility and alliaceous odor are the 
most characteristic and decisive. 

If after heating the tube for one hour, no stain or 
mirror make its appearance, and no traces of spots 
have been obtained from the flame, the absence of 
arsenic may be inferred, provided that proper care 
has been taken in the former part of the examination, 
80 that the arsenic cannot have been lost through neg- 
ligence or awkwardness. 
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It is very important, in connection with tbis test 
(Marsh's) to remember that antimony also, whether as 
teroside, or as antimonio acid, and especially when in 
solution in the form of a salt, yields under the same 
conditiona as araenio, a gaseous antimonetted hydrogen, 
which deposits npon the heated tube, and upon porce- 
lain, a mirror and spots very similar to those obtained 
with arsenic. This fact assumes so much greater im- 
portance, when it is remembered that preparations of 
antimony, especially tartar emetic, are administered as 
internal remedies, so that, in such cases, metallic mir- 
rors are obtained, similar to those of arsenic, but oon- 
aisting, not of that metal but of antimony. On the 
other hand, it mast not be forgotten that commercial 
arsenic, as it is employed for poisoning, frequently 
contains antimony. 

If the question be merely whether a metallic mirror 
consist of arsenic or antimony, it may be readily de- 
cided. The arsenic may be easily reoognized by the ■ 
reactions mentioned above, while the antimony-mirror 
presents very different characters. The antiiiiony- 
mirror has a lighter color, and is more lustrous than 
that of arsenic; the antimony spots are darker and have 
often a tingeof blue. Antimony ia not nearly ao easily 
volatilized as arsenic, and although both mirrors may be 
chased from one part of the tube to another, there ia a 
great difference in the heat necessary in the two cases. 
A very striking difiTerenoe between the two deposits 
ia seen in their behavior when heated; the mirror of 
antimony, before volatilizing, fuses into small lustrous 
globules, which may, in all cases, he seen with the aid 
of a lens; the arsenic, however, exhibits no sign of 
fusion. The most characteriatic distinction ia the pro- 
duction of the garlic odor when the araenio is volatilized 
while the antimony passes off in vapor without any 
perceptible odor. If that portion of the tube which 
eontuins the mirror be heated while the hydrogen is 
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still passing, the gas issuing from the oriGce of the 
tube will have a distinct garlic odor if the deposit 
eousist of arsenic, but will be inodorous if antimony 
only be present. The following reactions may also 
be applied to distinguish arsenic and antimony. 

The arsenical spots deposited upon porcelain disap- 
pear when moistened with a concentrated alkaline 
solution of hypochlorite of soda; those of antimony, 
however, are not afiected by this reagent. If the spots 
consist of arsenic and antimony, the latter not exceed- 
ing 5 per cent,, the spots will also be entirely dissolved. 
Spots or mirrors of arsenic disappear when moistened 
with a drop of nitric acid, and gently warmed, forming 
a clear solation. If a drop of nitrate of silver be added 
to the solution, and a glass rod moistened with caustic 
ammonia be held over the liquid, but not allowed to 
touch it, the mixture assumes a yellow color, from the 
formation of a precipitate of arsenite of silver. Some- 
times, if too strong an acid or too great a heat have 
been applied, the precipitate consists of reddish-brown 
arsenale of silver. This characteristic color is always 
produced by nitrate of silver, when the arsenic spots 
are dissolved by placing the capsule over a vessel 
containing solution of chloride of lime and sulphurio 
acid. 

It is true that spots and mirrors of antimony also 
disappear when treated with nitric acid, the antimony, 
however, is not dissolved, but merely converted into 
white oxide, which gives no reaction with solution of 
nitrate of silver. The antimony dissolves in a mixture 
of one drop of nitric acid and one drop of hydrochloric 
acid ; if the greater excess of acid be carefully evapo- 
rated, and sulphuretted hydrogen-water be dropped 
upon the residue, a fiery-red precipitate of sulphide of 
antimony is produced. If the spot had consisted of 
arsenic, a lemon-yellow precipitate would have been 
obtained. 

If the spots be moistened with salphide of ammonium 
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and dried at a verj gentle heat, the arsenic becomes 
yellow, the antimony orange. The yellow spots of 
sulphide of arsenic are not affected by hydrochloric 
acid, while those of sulphide of antimony disappear on 
gently heating. 

If sulphuretted hydrogen gas be passed through the 
tube CODtaining the metallic mirror, and heat applied, 
the metal is converted into a sulphide. If the mirror 
consist of antimony, black, or partly (minge-red, solphide 
of antimony ia produced, while arsenic gives a yellow 
sulphide. The color, however, is not the only distinc- 
tion between these compounds, another is aflorded by 
their unequal volatility, sulphide of arsenic being far 
more volatile than that of antimony. 

Moreover, antimony, and arsenic, in the form of sul- 
phides, may be separated by cyanide of potassium, 
according to the method given in No. 62. 

The presence of antimony in the precipitated sul- 
pbides may also be ascertained by oxidizing them as 
directed at p. 266. In that case, the fused mass, before 
treatment with suTphurio acid, should be dissolved in 
water, when the antimony would remain undissolved 
in the form of antimouate of soda. 

Or the precipitate by sulphuretted hydrogen may 
be washed with a concentrated solution of carbonate 
of ammonia, which is poured over it several times. The 
sulphide of arsenic is dissolved while the sulphide of 
antimony remains undissolved. If there is a consider- 
able quantity of the precipitate, a portion may be 
dissolved in aqua regia, the solution treated with sul- 
phurous acid to reduce the arsenic acid to arsenioua, 
concentrated by evaporation, a piece of bright copper foi I 
placed in it, and then warmed. Antimony and arsenic 
are reduced and cover the copper with a steel-colored 
coating, which ia easily removed if the copper is heated 
with caustic ammonia. It is then easily determined 
which of the metals is present. If both, they may be 
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separated by heating tbe substance carefully in a slow 
current of hydrogen. All the arsenic will be sublimed. 
If hydrogen gaa containing arsenic, ia passed into a 
solation of nitrate of silver contained in a Liebig's 
balb tube, it forms a precipitate of metallic silver, and 
arsentous acid, which is easily found in the liquid. 
Antimonetted hydrogen forms in a solution of silver, 
a precipitate of antimonide of silver. If a mixture of 
arsenetted and antimonetted hydrogen from the Marsh 
apparatus is conducted into a s<»ution of silver, a 
mixture of antimonide and metallic silver are precipi- 
tated. If this precipitate is washed with hot water and 
then boiled with a concentrated solution of tartaric acid, 
the antimony alone is dissolved and is then easily 
recognized by hydrosulpburio acid after acidifying 
with hydrochloric acid. {See also No. 61.) 

III. If no arsenic was found in the stomach and 
iatestiues, it must be supposed to have been partly 
carried away in the vomited matters and fseces, and 
partly absorbed into the mass of the blood, and into 
those organs which are rich in blood. In this case, 
tbe same process is employed as in the preceding, the 
arsenic being sought, according to tbe same method, 
in the liver, spleen, lungs, heart, and kidneys. If urine 
were found in the bladder, or feecal matter in tbe large 
intestines, they should be examined first. The urine 
must not be introduced at once into Marsh's apparatus 
since tbe frothing to which it gives rise would interfere 
■with the progress of the experiment ; the urine should 
therefore be slightly acidified, with hydrochloric acid, 
enlphuretted hydrogen passed through it, and the sub- 
sequent process conducted as in the second case. 

Investigations of this descripticm are in the highest 
degree laborious, tronblesome, and disgusting, when 
the body to be examined has been interred for months 
or years, and has passed into a state putrefsction. In 
such a cas€^ it is freqnently no longer possible to dis- 
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tiDgnish or separate individual organs, aud t^e analyst 
is theo necessitated to examine the whole mass of putre- 
fied organs, or the whole of the soft parte which dry 
up ander some particular local circumstances, and even 
the bones. Wnen this is the case, the body should 
not be laid in a bath of cblorine-water or solution of 
chloride of lime, in order to destroy the offensive odor, 
since arsenic may thereby be extracted and lost. If 
chlorine-gas be employed to disinfect the body, it must 
be evolved by means of distilled sulphuric acid free 
from arsenic. All the soft parta, especially those which 
may have formed parts of the abdominal viscera, are 
carefully separated from the bones, and treated as in 
the second case. 

The following is another convenient process to bo 
especially preferred for the treatment of bodies which 
have been exhumed entire after some months' interment. 

The entire soft parts are treated in a large dish of 
genuine porcelain, with moderately strong nitric acid, 
which has been previously tested for arsenic; the dish 
is then heated upon a sand-bath, and its contents well 
stirred, until the organic matters are so far destroyed 
and dissolved as to form a homogeneous pasty mixture. 
This is now neutralized with a solution of pure hydrate 
or carbonate of potassa, and about as much finely- 
powdered nitre (previously tested) added, as is equal 
in weight to the soft parts. The whole is now evapo- 
rated to dryness, with constant stirring, and the dry 
mass introJueed by degrees, in small portions, into a 
new clean Hessian crucible heated to dull redness. In 
this manner, the whole of the organic matter is burnt, 
and the arsenic, if present, converted into arsenate of 
potassa. In this process, it is important, and not very 
easy, to add the proper quantity of nitre. If too little 
nitre be employed, part of the organic matter may 
remain unburnt, and arsenic may be voUtiiized from 
the carbonaceous mass ; on the other hand, too much 
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nitre would interfere with the suhsequent treatmcDt of 
the mass. It is better to make a preliminary teat with 
a small portion of the mixture, by introducing it into 
a small red-hot crucible, aud observing whether the 
mass is perfectly white after deflagration. If it be 
black and carbonaceous, more nitre must be added. 

The mass, which now consists essentially of carbo- 
nate, nitrate, and nitrite of potassa, and may also contain 
arsenate of potassa, is dissolved in the smallest possible 
quantity of boiling water, and the solution, without 
filtering off from the suspended phosphate of lime and 
eilica, gradually mixed, in a porcelain dish, with a 
slight excess of sulphuric acid. The pasty saline mass 
thus produced is carefully heated till all the nitrous 
and nitric acids are expelled, a point to which great 
attention must be paid. On cooling, the mass is stirred 
up with a little cold water, and the solution poured off 
from the large deposit of sulphate of potassa. The 
latter is washed several times with cold water, the 
washings mixed with the first solution, and the liquid, 
treated as above, with sulphuretted hydrogen. The pre- 
cipitate then only requires to be oxidized with nitric 
acid, with the precaution that the acid must be entirely 
removed by evaporation before the solutioa is intro- 
duced into Marsh's apparatus. 

It is rarely of importance to the evidence th^t the 
weight of arsenic existing in a body should be deter- 
mined. Such an estimation can only be relative, since 
it is impossible to extract and weigh the whole of 
the arsenic contained in all the parts of a body. In 
such a case, a somewhat longer reduction-tube should 
be employed, into which is introduced a closely twisted 
spiral of pure bright copper, about two inches in 
length ; this spiral is accurately weighed with the tube. 
The latter is then heated in two places, one nearer the 
evolution -bottle, for the deposition of a mirror; the 
other, at some distance, where the strip of copper is 
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placed, which combines with all the remaiDing ttrsenio, 
forming steel-gray arsenide of copper. The increase 
of weight of the tube indicates the amount of arsenit^ 
which is calculated as arsenioas acid. 



129. EXAMINATION FOB PHO3PHOB08 IN CA3E8 
OF POISONING. 

Since phoaphoms has been naed to poison mice, &c., 
and the poisonous action of friction matches has become 
extensirelj known, phospborna has not nnfrequentlj 
been lesorted to as an agent for causing death. It is 
often necessary, therefore, to examine some article of 
food, or the contents of ft stomach, for this substanoe. 
It is obvious that, in cases of the kind, his whole 
attention must be directed to the separation of the 
phosphorus in the/ree state, or to producing such reac- 
tions aa will enable bim to infer the presence of free 
phosphorvs ; since the mere findii^ of phosphorus in 
form of phosphates would prove uothiog, as phosphates 
invariably form constituents of animal and vegetable 
bodies. 

A. Detection of Vnosddised Phosphorus. 

I. Test in the first place the suspected matters as to 
whether free phosphorus is recognizable by its odor or 
by its luminosity in the dark, exposing, for this pur- 
pose, the materials to the air, as much as is necessary, 
by rubbing, stirring, or shaking. 

II. A portion of the substance is placed, according 
to the pmu of J. Scherer, in a small fiask; suspend ia 
it, above the substanoe, by aid of the loosely fitted cork, 
a slip of filter paper moistened with neutral solution 
of nitrate of silver, and warm the whole to 85° to 105'' 
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Fah. In case the paper is not <iolorecl black after 
some time, unoxidized phosphorus cannot be present, 
and it is then aEmecessary to proceed farther by the 
methods III. and IV. The operator may go on to (VI.), 
If, on the other hand, the paper blackens, this is no 
certain evidence of the presence of phosphorus, because 
various substances, viz., hydrosulpburic acid (detectable 
by means of a slip of paper moistened with eolation of 
lead or terohloride of antimony), formic acid, products 
of putrefaction, &c., may produce the same result. 
Proceed then with the substance aa directed in III. and 
IV. 

III. The luminodty of phosphorus, of all its charac- 
ters, furnishes the most striking evidence of its presence 
in the free st^e. A large sample of the substance is 
accordingly examined by the following well-proved 
and admirable method of E. Mitscherlich. 

Mix the substance under examination with water 
and some sulphuric acid, and subject the mixture to 
distillation in a flask, A. (See Fig. 43.) This flask ia 
connected with an evolution-tube b, and the latter again 
with a glass cooling or condensing tube, « c e, which 
passes through a perforated cork, a, in the bottom of a 
cylinder, B, into a glass vessel, C. Cold water runs 
from D, through a stopcock, into a funnel, t, which 
extends to the bottom of B; the warmed water flows 
off throuh g* 

Now, if the substance in A contains phosphorus, 
there will appear, in the dark, in the upper part of the 
condensing tube at the point r, where the aqueous 
vapors, distilling over, enter that part of the tube, a 
strong luminosity, usually a luminous ring. If you 
take for distillation 5 oz, of a mixture containing only 
^gth of a grain of phosphorus, and accordingly only 1 

* lattead of tbfs vertJosI oondtmser, in ordiaarr glaaa one DMd 
toi distilUtion ma/ be suUtitatud. 
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part of pbosphorus, in 100,000 parts of mixture, you 
may distil over 3 oz, of it — which will take at least half 
an hour — without the luminosity ceasing ; MiischerUch, 
in one of his experiments, stopped the distillation 8ft.er 

Fig. 43. 



half an hour, allowed the flask to stand uncorked a 
fortnight, and then recommenced the distillation : the 
luminosity was as strong as at first If the fluid 
contains substances which prevent the luminosity of 
phosphorus in general, such as ether, alcohol, or oil 



dbvGoogIc 



DBTKCTION OF UN03ID1ZED PHOSPHORUS. 281 

of turpentiiDe, qo luminosity is observed so loDg as 
these substances continue to distil over. In the case 
of ether and alcohol, however, this ia soon effected, 
and the luminosity accordingly very speedily makes 
its appearance ; but it is different with oil of turpentine 
which exercises a lasting preventive influence upon 
the manifestation of this reaction. 

a. After the termination of the process, globules of 
phosphorus are found at the bottom of the receiver, 
C Mitscherlich obtained from 5 oz. of a mixture con- 
taining \ grain of phosphorus, so many globules of 
that body that the one-tenth part of them would have 
been amply sufficient to demonstrate its presence. In 
medioo-legal investigations these globules should first 
be washed with alcohol and then weighed, A portion 
may afterwards be subjected to a confirmatory exami- 
nation, to make quite sure that they really consist of 
phoapfaorus : the remainder, together with a portion of 
the fluid which shows the luminosity upon distillation, 
should be sent in with the report. 

The experiment should be made in a perfectly dark 
room, best at night. If it is made in the daytime the 
room should be darkened by aid of curtains or blinds, 
so that no reflections whatever from the surfaces of the 
glass vessels or of the fluids moving in them shall oc- 
casion mistakes. It is advisable, even, especially when 
very minute traces of phosphorus are searched for, to 
pass the evolution-tube through a screen, at b, to pre- 
vent such reflections being occasioned by the light of 
the lamp by which the flask is heated. 

The residue of the distillation is further examined 
according to (VI.) for phosphorous acid. The distil- 
late, also, may be tested in the same manner to confirm 
the presence of phosphorus, or of phosphorous acid 
arising from its oxidation. 

IV. Another sample of the substance may be exa- 
mined, according to experiments made by Neubauer 
24* 
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and Freaeniiis, in the following manner. It is brought 
into a flask with doubly-perforated stopper, water is 
added, if necessary, and dilute sulphuric acid to aid 
reaction. Washed carbonic acid gaa* is now slowly 
conducted through the mixture by means of a glasa 
tube passing through the cork and reaching nearly 
down to the bottom of the flask. From a short tuba 
above the current of gas is led through one or two 
V-formed tubes which contain neutral solution of ni- 
trate of silver. When the flask is filled with carbonic 
acid it is warmed in a water-bath. The experiment is 
kept up for several hours. If free phosphorus bo 
present, a portion of it volatilizes unozidized in tho 
stream of carbonic acid, and on passing iuto the silver- 
solution produces there an insoluble black precipitate 
of phosphide of silver, together with phosphoric acid. 
Since a black insoluble precipitate may be caused by 
various volatile reducing agents or by hydrosulphuric 
acid, its appearance is not proof of the presence of 
phosphorus, - though its non-formatiou demonstrates 
conclusively that free phosphorus is absent. 

a. A PEKCIPITATB formed in the silver solution in 
the above experiment is collected on a filter (which 
has been previously washed with dilute nitric acid and 
water), and is well washed with water. The phosphide 
of silver, which may be contained in this precipitate, 
is detected by the method of Blondlot, improved by 
Dussard. a. Fig. 44, is an apparatus lor evolving hy- 
drogen; b is filled with fragments of pumice-stone 
drenched with concentrated potasaa-lye; cisacommon 
spring clamp ; d a clamp that can be nicely adjusted 
by means of a screw or wedge ; e is a platinum jet 
which is kept cool by means of moistened cotton. 
This platinum jet is essential, since the flame would 
be colored yellow if burned directly from a glass tube, 

* Th« apparatus. Fig. 41, ma; be oonTeniently smplojad. 
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At the outset it is needful to test tte sulphuric acid 
and zinc to demonstrate that they yield hydrogen free 
from phosphuretted hydrogen. For this purposeallow 
the gas to evolve until air is displaced from the appa- 



ratus, then close c until the acid has been forced into/, 
then close d, open c, and lastly open d, cautiously in- 
flaming the gas at the jet and properly regulating ita 
issue. If the flame, when examined in a rather dark 
plaee, is colorless, exhibits no trace of a green cone in 
Its interior and no emerald-green tinge when a porce- 
lain dish ia depressed into it, the hydrogen is pure. 
After verifying this result by a second trial^ the preci- 
pitate to be examined is rinsed into/, care being taken 
that it passes completely into a, and the flame is again 
observed as before. In case but a minimum of phos- 
phide of silver be present the green inner cone and 
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emarald-greeQ coloration of tbe flame will be percep- 
tible. 

b. The SOLUTION filtered from the silver precipitate, 
is freed from excess of silver by hydrochloric acid, 
filtered through a well purified filter, strongly concen- 
trated in a porcelain capsule, and finally tested for 
phosphoric acid by means of molybdate of ammonia or 
magnesia mixture. 

In this manner we have most plainly detected the 
phosphorus of a common match mixed with a large 
quantity of putrefied blood, and in presence of those 
substances which prevent luminosity in the method of 
Milacherlich, 

V. When enough phosphorus is present to weigh, 
its estimation is practicable by adopting iSfcAerer's 
modification of the process of Mitscherlich. The mass, 
acidified with sulphuric acid, is distilled in an atmos- 
phere of carbonic acid gas. For this purpose it is best 
to fit into the cork of the fiask in which the mixture 
is distilled, a second tube through which pure carbonic 
acid may be transmitted into the distilling apparatus, 
until it is completely filled, when the stream of 'gas 
may be cat off and the process continued as usual. 
The receiver may consist of a flask with a doubly 
perforated cork, the opening of which passes over the 
end of the condensing tube, the other carrying a bent 
glass tube which is connected with a U tube containing 
solution of nitrate of silver. 

When the distillation is finished, globules of phos- 
phorus are found in the receiver, which, after again 
establishing a gentle stream of carbonic acid, are united 
by gently beating and then are washed and weighed 
as described (III. a.). The solution poured off from 
the globules is luminous in the dark, when shaken, 
though not to the same degree as in Mitscherlich! s 
process. The phosphorus in this liquid may be deter- 
mined, after oxidation, by nitric acid or chlorine, as 
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certain that none of the contents of the distilling flask, 
which usually contain phosphoric acid, have spirted 
into the condenser. The entire quantity of phospho- 
rus is obtained by adding to that, thus determined, 
what exists in the U tube. Its contents are treated 
with nitric acid, the silver thrown down by hydrochlo- 
ric acid, filtered through a washed filter, concentrated, 
precipitated as phosphate of ammonia-magnesia, and 
weighed as phosphate of magnesia. 

B. Detection of Phosphorous Add. 
VI. In case free phosphorns itself has not been 
detected by the above methods, it is needful to look 
for the first product of its oxidation, viz., phosphorous 
acid. To this end the residue of the distillation (II. a), 
or (V.), or also the residue of (IV.) is brought into the 
apparatus. Fig. 44, and tested as described (IV, a.) as. 
to any green coloration of the evolved hydrogen. If 
the phosphorous reaction appears, it ia sufficient ; other- 
wise organic matters may have hindered its production. 
If, therefore, the flame is not colored, the clamp is 
closed, and a U tube containing neutral solution of 
nitrate of silver is affixed to the apparatus and the gas 
is allowed to stream slowly through the silver solution 
for many hours. In presence of phosphorous acid, 
phosphide of silver is formed, which is filtered off and 
examined as directed in (IV. a.). 



130. SILICATES.* 

A few silicates are directly attacked by acids, while 
others cannot be decomposed by aoids, except by the 
addition of a base, as, for example, lime. 



n b7 Uessra. Qrandean 
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By modifying the composition of a silicate, it may 
always be rendered decomposable by an acid. For 
example, a silicate containing the following elements : 
Silica, Lime, 

Alumina, Magnesia, 

Iron, Potassa, 

Manganese, Soda. 

This combiaatioQ occurs in porphyry, gneiss, and 
granite. 

In the first place it is necessary to observe the action 
of heat upon the silicate, and if there is a loss in weight, 
to determine its natare, whether it consists of water or 
fluorine. 

Fig. 45. 



In most cases, the water contained in a silicate 
evaporates at a red heat, and it is only necessary to 
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heat it over a lamp fed by bellows^ The water from 
talcose minerala ia only driven off at a white heat. 

This temperature may be obtained by using the 
lamp represented in Fig. 43, The apparatus is com- 
posed of three principal pieces: a bottle A commnni- 
cating with the tube s with the reservoir I of spirits 
of turpentine or the lamp proper, which communi- 
cates by the double tube a with an apparatus for the 
distribution of air forced by the bellows K, which 
feeds at the same time the tube h.* 

Generally when minerals lose their volatile matter, 
only at the temperature attained by the large lamp, it 
is those containing fluorine, and it is then necessary 
first to examine the nature of the volatile matter. 

The calcination is carried on until neither water nor 
fluorine remains. 

It should be noticed whether any material is lost in 



* tbiok plata ; below by a copper plate rained exteniallj In snoh 
a manner as to form a little nap around the lamp in Bbich water 
U ponred, 

Ifor the management of this lamp we refer to the article by 
M. H. Uerille, Aunalei de Chimie et de Physiqae, 3d series, rol. 
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the operations of calcination or not. The substance 
is introduced in small fragments into a weighed cruci- 
ble, after which the whole is weighed, then placed 
over a gaa lamp for several minutes, in order to eva- 
porate the water and see if there is any loss indicated 
by the balance. 

It is heated until the weight is constant, and then 
taken from the smaller lamp and placed over the larger 
one, Fig. 45 ; at this temperature it may be fused, 
decrepitated, change its color, all of which should be 
carefully noted; when it Is certain that the mineral 
does not lose any more in weight we may proceed to 
the analysis. 

The silicate is decomposed by the means of lime ;* 
there should be the least possible amount of it added, 
still, it is necessary to employ such a quantity that in 
pulverizing the glass obtained and treating it wiih 
acids the silica will take the gelatinous form. 

To decompose bottle glass it is necessary to add 
from 10 to 20 per cent. o£ carbonate of lime, window 
glass a little more of it, Wollastonite, amphibole, and 
pyroxenes 35 per cent, of their weight ; feldspar re- 
quires 55 per cent., and some substances containing 
a large proportion of alumina and silica, as disthene, 
require 75 per cent. 

As a general rule the quantity of lime to ba added 
is in proportion to the amount of silica contained in 

* [To prepare it, while marble isdiBaolTed in nitrEo acid, evRpo- 
rated to drjnesa, ignited in a platinnm crncibie antil the nitrate 
biggins to deoompose, and caustio lime is formed od the sarfaoe. 
It ia then treated with distiiled water and the tbioii liqold boiled 
for some time. It la tbau filtered, and, when cold, an ezceaa of 
concentrated oarbonate of ammonia is added. This is decanted 
and washed for aome time with warm water over a funnel covered 
with a piece of cotton cloth. If there remains anj nitrate of am, 
mania in the carbonate of lime, it will form nitrate of lime during 
the desicoation or at the commenoement of the calcioatinD, and 
the iosa of weight which is thus csosed in the carbonate will be 
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the substance to be analyzed; the maximum should 
correspond to the pure silica which requires 110 to 
1 12 per cent. 

When an analysis is to be made the quantity of 
silica is only known approximately by experiments 
with the blowpipe. With this uncertainty it is better 
to use too much lime than too little, but a large excess 
must not be used, for most silicates contain bases some- 
what votatlle, as potash and soda, which if set free will 
cause loss. 

The silicate is ground, passed through a silk sieve ; 
it is not necessary to carry this sifting very far, at least 
if the silicate is not very hard or with very great diffi- 
culty decomposed, in which case it would be better to 
pulverize it in a small steel crusher than to employ an 
agate mortar. 

When the steel -crusher or mortar is used, it is 
necessary to digest the powder obtained in nitric acid, 
wash with water, and ignite gently to bring the ma- 
terial to its original purity; when this is done the 
substance is placed in the crucible and weighed, and 
the proper amount of carbonate of lime added. 

The mixture being weighed, it should be mixed as 
thoroughly as possible with a little strip of platinum. 
All the dust adhering to the platinum should be brush- 
ed into the crucible with a small feather, then the 
feather passed around the interior of the crucible in 
such a manner as to bring all together at the bottom, 
and at the same time passed between the crucible and 
the powder, so as to detect the mixture. 

During this time the powder has absorbed a little 
moisture ; the crucible is placed for a moment over 
the small lamp* and heated to such a temperature that 

• Ordinary ga9 lamp withoot bellofra. The lamp with tarp«ii- 
tint) and bellows ia turmed the larger, and tLe gas lamp wilU ouly 
bulloHB attacliud, the smallur. 

25 
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e&dh part of the surface of the matter becomes incao- 
desoeat, allowed to cool, again weighed, and a di^reoce 
ia always found, provided the carbonate contains hygro- 
scopic water. 

The material being thus prepared, it is heated for 
fifteen or tweaty minutes over the smaller lamp (gas 
lamp fed by bellows) in such a manner that the car- 
bonate acts upon the silicate without fusing; after 
having thus expelled the carbonic acid, the substance 
is placed over the large lamp, and it is necessary that 
the glass produced should be well fused, homogeneous, 
and if it is colored, tranaparent; all the peculiarities 
should be observed, and the weight thus produced 
should be determined. 

The glass should then be detached from the crucible 
with the greatest possible care, in such a manner as 
not to lose any of it, placed in an agate mortar, covered 
with sheepskin, and ground with care, but not too fine. 
The pulverized glass is then placed in a weighed pla- 
tiunm crucible, heated to 200° or 300°, and the glass 
to be analyzed weighed. 

The glassy material moistened with water is treated 
with nitric acid, being stirred constantly with a glass 
rod, so as to prevent the mixture forming a compact 
mass at the bottom of the crucible. When all that is 
found upon the glass rod is detached, and it is heated 
over the lamp to be sure that nothing remains, the 
crucible is placed upon the sand-bath and heated to 
such a temperature that no more nitric acid is given 
oS and nitrous vapors begin to form. 

If the material contains any iron or manganese, it is 
necessary to wait until the color becomes uniformly 
red or black, and then there should be added enough 
of a concentrated solution of nitrate of ammonia to 
moisten the entire mass, which is heated over the 
sand-bath, covering the crucible with a funnel ; after a 
moment it is uncovered and odor observed. If the 
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Btnell of ammonia is distinctly perceived, the process ia 
continued; if it is not, a drop of ammonia is added 
with a glass rod, the mixture stirred, and notice is 
taken if the smell of ammonia remains and if a pre- 
cipitate is formed; generally there is no precipitate, 
and it is then certain that all the alumina has been 
precipitated by the calcination. It is left to digest on 
the sand-bath until it is al^ certain that the nitrate of 
ammonia has penetrated the whole mass, then a little 
water is added, and the liquid decant«d, to prevent 
accident, on a filter. 

Water is again placed in the capsule, boiled, de- 
canted, and washed a dozen times in order to be sure 
that the boiling water penetrated the entire mass; ' 
when the decanted liquid leaves no residue if evapo- 
rated on platinum foil, the washing is discontinued. 

The material submitted to analysis is then divided 
into two portions — first, the portion soluble in nitrate 
of ammonia, and secondly, the insoluble portion left in 
the caps ale. 

The insoluble portion in the capsule ia treated with 
nitric acid, whic his left to digest slightly heated; nitric 
acid dissolves the alumina and the peroxide of iron. 

If manganese is not present, the silica which remains 
is white ; if present, it is black. The silica is washed, 
and the washings evaporated in a platinum crucible 
and ignited. 

The mixture of alumina and oxide of iron is weighed. 

If the silica contains peroxide of manganese, it is 
washed with dilute sulphuric acid, adding a crystal of 
oxalic acid. The oxalic acid decomposes the binoxide 
of manganese and converts it into peroxide, whiuh 
dissolves in sulphuric acid ; the sulphate of mangan- 
ese ia washed; the sulphate mixed .with sulphuric 
acid in a platinum crucible is heated to 3.00° to 400°, 
and the sulphate of manganese weighed ; the silica re- 
mains in a state of purity after all these treatments 
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and wasbings, as mucb in the capsule as upon the fil- 
ter, which is used for decantations. ,A11 these decanta- 
tions should be made upon the same filter. 

The filter is again placed over the silica in the cap- 
sale, the whole gently dried upon the sand-bath, then 
moderately calcined, when the silica should become 
white, 

The crucible and its cover are placed upon the 
balance, and quickly weighed. Inasmuch as the 
crucible cools, the weight that it is necessary to place 
on the side of the silica to obtain an equilibrium di- 
minishes more and more, by reason of the cooling of the 
surrounding air; on the other hand, as this cooling 
takes place, the silica absorbs the moisture to such an 
extent that its weight is changed and augmented even 
80 as to be seen. 

The crucible is then placed again warm upon the 
balance, the weights taken away from the side where 
the silica is, until the increase of weight of the silica 
ceases to be rapid. At the moment the balance is at 
rest, the weight is noted, which gives the weight of 
the silica. 

At this point in the analysis the weight has -been 
found; first of the silica, secondly of the mixture of 
alumina and iron containing a little manganese. 

To be sure that the silica is pure, it is dissolved in 
very dilute hydrofluoric acid; if quite pure it will 
leave no perceptible residue, except the ash of the 
filter. It is evaporated with a little sulphuric acid, and 
should leave no residue. 

After having weighed the crucible which contains 
the material after the ignition of the alumina and 
iron, the mixture is carefully removed and placed in 
a small platinum boat, previously weighed in a small 
corked tube ; the boat is heated to redness, and again 
weighed with its case or tube. The boat is then intro- 
duced into a platinum or porcelain tube, by aid of a 
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Bmall wire which cooducts the boat to the part of the 
tube, where it should be heated. The tube is then heated 
to redness and a current of hydrogen passed through it.* 
When the iron is reduced, the stream of hydrogen is 
replaced by a current of hydrochloric acid gas, which 
is continued for an hour or two. Fig, 48 shows the 
arrangement of this part of the analysis. There may 
be placed at the extremity of the tube a small flask, in 
which all volatile materials will condense if any escape 
from the tube. When the current of hydrochloric acid 

* Fig. 47 represents a convenient appantDB for h; drngen. 
Fig. 47. 



A and B are two buttles of fonr or five litres capacilj, and tuba 
lateil at tLe bottoio. B; meaus of a rubber tabe E tbej are united 
In sncii a wa; us to pnt tham in coominiilcation. The moalh of 
tliH bottle B is closed b; a c«ch, which is pierced 1i; a f\a,w tube 
terminated with tbe stopcock R. The bottle B is Sited with frag- 
niiMitB of glass to the level of tlie snialler tube, aiid a larger part of 
the spaoe above with zinc. Tbe boUte A ia filled with wnter and 
bydiooblorit! acid. By opening the stopcock R, the aclilulafed 
watrr paaaea to the line, and the hydrogen is only jjiveu off wiieo 
tbe gad ia nd«d. 

26* 
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iaa passed long enough, which may be known bj ita 
producing no more protochloride of iron, it is stopped, 
the hydrogen again passed to expel the vapor of hy- 
drochloric acid, and the tube left to cool before taking 
the boat from it. This is placed again in the case or 
tube and weighed ; the weight it has gained gives the 
weight of the alumina. 

Fig. 48. 



The separation of the alumina would be complete 
if the mass was perfectly pure, which ia not the case, 
if the material which comes from the nitrates is not 
sufficiently washed. 

In this case, the material which has been treated 
with nitric acid, then with hydrochloric acid, may 
contain lime left with the alumina. The lime ia found 
as chloride of calcium. The alumina ia moistened 
with a small quantity of water, which is decanted. 
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washed several timea, dried, ignited in the boat, aod 
weighed in the glass tube. There should be no change 
of weight, and a drop of oxalate of ammonia should 
give no precipitate in the washings if the alumina was 
pure. In the case of a precipitate a diminution of 
weight in the alumina would be found at the same time. 
The alumina is washed, dried, and weighed. The last 
weight obtained is taken for the definite weight of the 
alumina, and the difference from the first weight di- 
vided by two gives the weight of the lime (CaO = 28, 
CaCl = 56). 

To verify this weight, all the lime contained in the 
washings is precipitated by oxalate of ammonia, ignited, 
weighed, and this gives directly the weight of the lime. 

To determine by difference the quantity of iron and 
manganese which exists in the material at the same 
time with the alumina, we take from the entire quan- 
tity used for analysis: 1st, the weight of the pure 
alumina; 2d, the weight of the lime; the difference 
gives the weight of the mixture of iron and manga- 
nese. 

Separation of the Iron and Manganese. 

If the substance does not contain manganese, or if 
it is not necessary to determine the manganese sepa- 
rately, the analysis of the material insoluble in nitrate 
of ammonia is finished. But if the iron and the man- 
ganese are to be separated, recourse nmy be had to the 
following method: — 

Into a platinum tube a current of vapor of water, 
furnished by a retort containing distilled water and a 
few drops of hydrochloric acid, is passed. This vapor 
will be condensed in the tube, and will take with it 
into the flask or globe all the chloride of iron and man- 
ganese produced by the evaporation. This washing 
done, the waters are placed in a small crucible, and 
a few drops of sulphuric acid added, evaporated to 
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dryness, and the aulphates gently calcined until the 
weight is constant ; the mixture of sesquioxide of iron 
and sulphate of manganese is then weighed, a little 
water poured upon the sulphate, decanted and washed 
upon a filter, which ia ignited with the peroxide of 
iron and weighed. This weight is the oxide of iron, 
which, taken from the weight previously obtained, 
gives that of the sulphate of mangaaese. By adding 
the red oxide of manganese deducted from the weight 
of the sulphate with the oxide of iron, the exact 
total weight of manganese and iron is known, whieh 
have been calculated by difference at the time when 
- the pure alumina was weighed. This verification 
dispenses with the direct weight of the sulphate of 
manganese. If, however, it is deemed desirable to 
determine it, the sulphate from the washing should be 
evaporated, and the manganese may be weighed in 
this form. 

The preceding operations may be verified in the 
following manner : — 

1st. The alumina should be colored or slightly 
tinged with gray ; it should be soluble in bisulphate 
of potassa in large excess. 

2d. The oxide of iron, tested with the blowpipe with 
carbonate of soda in the oxidizing flame, should give 
no green color. 

3d. The sulphate of manganese, treated with the sul- 
phate of ammonia, a little nitric acid and ammonia, 
should give no precipitate. 

Analysis of the Materials soluble in Nitrate of Ammonia. 

They contain 1st, lime ; 2d, magnesia, and sometimes 
manganese; 8d, potassa, 4th, soda. 

The liquid contains at first a certain quantity of 
lime, which has been introduced to decompose the 
mineral. A quantity of pure crystallized oxalate of 
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ammonia should be weighed- out, sufficient to precipi- 
tate more than the quantity of lime present. It suf- 
fices for this purpose to multiply the weight of the 
lime by 2J and to place this weight of pure pulverized 
oxalate in the liquid which is stirred and left to settle. 
When the liquid is clear, there should be added two 
or three drops of oxalate of ammonia, and if there is 
a precipitate, it is certain there was lime iu the mate- 
rial to be aualyzed. There is added, successively and 
in quantities estimated approximately, solid oxalate 
of ammonia and a few drops of the dissolved oxalate, 
in such a manner as to be sure to have an excess of 
oxalate of ammonia and to add the least possible quan- 
tity .of the solution of the oxalate so as not to increase 
the quantity of the liquid. It is left to settle for eight 
or ten hours and then decanted upon a filter. All the 
oxalate of lime is placed on the filter, by washing it 
little by little with warm water. The precipitate is 
then dried, ignited a sufficient number of times, and 
weighed. This determines the weight of the lime. 
From this weight increased by that which has already 
been found, the weight of the lime added to decompose 
the mineral is subtracted. This gives the weight of 
the lime existing in the original aubatance. 

The liquid which remains is evaporated in a platinum 
capsule, until the fluid is concentrated and syrupy. It 
contains considerable nitrate of ammonia, a little oxa- 
late of ammonia, and nitrates of magnesia, manganese, 
potassa, and soda. It is covered with a glass in such 
a way as to transform the capsule into a closed vessel, 
and the saline mixture is heated. The nitrate of am- 
monia is converted into nitrous oxide, the oxalate is 
decomposed and volatilized, and there remains in the 
capsule and on the glass those substances which it is 
necessary to heat to 300° with the gas or alcohol lamp. 
1st, nitrates and subuitrates of magnesia and manga- 
nese; 2d, nitrate of potassa; 3d, nitrate of soda. 
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A little water is added-and a trace of pure tartaric 
acid, which being evaporated to dryoeaa ia disengaged 
with the vapora of nitric acid. The interior of the 
capsule will be filled with beautiful crystals of vola- 
tilized oxalic acid; it is heated to dull redness by 
covering the capaule in such a way that the carbonic 
acid may not be burned in the interior. In this ope- 
ration the oxalic acid has driven off the nitric acid 
and changed the nitrates into oxalates; these at a red 
heat are converted into carbonates, and if by chance a 
small quantity of nitrate has escaped during the reduc- 
tion, the carMnic oxide and tartaric acid would have 
eliminated it, so that there would remain only carbo- 
nates. 

Water is now added to the magnesia and manga- 
nese remaining in the capsules, and the alkaline car- 
bonates are dissolved. It ia decanted upon a very 
smalt filter, because it is not necessary to wash the 
carbonate of magnesia much ; it is remarkably soluble, 
particularly in cold water, and therefore the washing 
water should be boiling hot when used. 

The mixture of carbonate of magnesia and manga- 
nese is heated to redness and thua converted into 
magnesia and red oxide. The mixture is weighed in 
the same capsule in which the evaporation has been 
made. It ia then treated with a boiling concentrated 
solution of nitrate of ammonia, and heated until no 
more ammoniacal fumes are given ofi^ It ia decanted, 
and the insoluble material washed, if any exists, and 
should he of a brown color. The capsule is then 
heated to redness and weighed. The difl'erenoe be- 
tween these two weights gives the magnesia, and 
what remains in the capsule gives the weight of the 
manganese, the ammoniaoal fluid containing the mag- 
nesia is placed aside to be examined as directed hereafter. 

The soluble carbonates of soda and potassa are 
treated with hydrochloric acid for experiment in a 
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glass closed with s stopper. This glass is put in s 
warm place for ten or twelve boura, so that all evolu- 
tion of the hydrochloric acid may cease in the liquid ; 
the stopper is washed, the liquid in the glass evaporated, 
and the washing waters are also evaporated in a plati- 
num crucible ; the water and excess of hydrochloric 
acid are driven off, and a mixture of ohloKde of potas- 
sium and sodium is obtained, which always crystallizes 
in cubes when the chloride of sodiam is in excess. 
Sometimes these chlorides have a slight red color, 
caused by a small quantity of nitrate left in the car- 
bonates, but any error is prevented by heating the 
chlorides to such a temperature as to decompose the 
chloride of platinum formed. The chlorides become 
black by the presence of the platinum, bat this metal 
from the vessels does not alter the weight of the 
chlorides. 

The alkaline chlorides being weighed, a small quan- 
tity of water is added, and some chloride of platinum, 
if there is any potassa. The mixture of chloride of 
platinum and alkaline salts is evaporated to a syrupy 
consistency, and treated with pure alcohol. The resi- 
due consists of the double chloride of platinum and 
potassium, and some chloride of sodium. It is dried 
and calcined in order to reduce the platinum. The 
chlorides of potassium and sodium are separated by 
water; the mixture is again ignited and weighed. 
The material which remained in the crucible is the 
platinum which proceeds from the doable chloride. 
From the weight obtained we deduct that of the chlo- 
ride of potassium which it contains; by subtracting 
from the weight of the alkaline chlorides the weight of 
the chloride of potassiam, the weight of the chloride of 
sodium ia obtained. Having these weights it is easy 
to determine that of the potassa and soda. 

The following verifications may then be made : 1st. 
The lime which has been heated til! cessation of loss 
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of weight should be soluble in uitrate of ammoaia, 
with no other residue but the ashes of the filter. 2d. 
By adding ammonia-phosphate of soda to the ammo- 
niacal solution of magnesia, the bulky precipitate of 
phosphate of ammonia and magnesia is formed. 3d. 
The manganese is verified as above stated. 4th. The 
chlorides of sodium and potassium are evaporated, 
gently ignited, and when treated with a mixture of 
alcohol and ether should not give any substance capa- 
ble of coloring the fiame red, which would indicate 
the presence of lithia. 

The materials which are decomposed by aotds are 
treated directly in the same manner as those that are 
rendered decomposable by lime ; but it is necessary to 
do this in such a manner that the silica is always sepa- 
rated in a gelatinous mass. If not, it is necessary to 
ignite it with lime to bring it into this state. Thus 
our condition is that the substance can be decomposed 
by acid, producing gelatinous silica. The glass re- 
sulting from the decomposition of the mineral by lime, 
should have for its weight the sum of the weights of 
the materials used, and the lime added. The difierenco 
should be one milligramme, or two milligrammes at 
most; it is more frequently nothing. 

Hxaminaiion of Ike volatile materials in silicaies. 

It has been seen at the commencement of the analy- 
sis of the silicates that it is necessary to heat the sub- 
stance to a very high temperature to expel the volatile 
materials. The water is freed at the temperature ob- 
tained by the small lamp ; hut when it is necessary to 
use the large lamp, the presence of fluorides isindi- 
cated. 

The better way to make the presence of water in a 
mineral evident, is to place the material in a platinum 
tube, and pasa a current of dry gas through the tube 
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at a red heat; a tube containiog chloride of caloiam 
is arranged to receive the water. This method ia not 
always adopted, because it is frequently possible to 
determine other things with the water, but is some- 
times useful. In case there is only water, as in the 
zeolite, the ignition and loss of weight indicate the 
amount of water. 

When there is any evolution of volatile materials at 
a bigb temperature, these are, as stated, fluorides. 
There are a large^ number of fluorides, but we shall 
consider only those which may be expelled by calcina- 
tion; the fluoride of silicium, the fluoride of boron, 
and the alkaline fluorides. 

All the fluosilicates may be decomposed by beat, 
and all the fluorides, mixed with a sufficient quantity 
of silica, are changed into fluoride of silicium; there- 
fore the fluoride of silicium may be determined at once, 
and it will be easy to determine the other fluorides. 

When a substance contains fluoride of silicium in a 
large quantity, topaz for example, and when it is desir- 
able to collect and determine this fluoride, the following 
method may be used : take three platinum crucibles, 
a large, medium, and small one. In the small one, 
which has been weighed, the material to be ignited is 
placed and weighed; over the small. crucible, covered 
with its lid, the medium crucible is inverted so as to 
form a cap, and Anally the two crucibles thus arranged 
are placed in the large crucible ; the whole are weighed 
together in such a way that the weight of the appa- 
ratus, leas that of the topaz, may be ascertained. Then 
pour between the last two crucibles a certain quantity 
of carbonate of lime and weigh it. This gives the 
weight of the apparatus, the topaz, and the carbonate of 
lime. 

The whole is heated to a red heat, the carbonate of 
lime is reduced to quicklime, and it is heated for a 
long time over the large lamp until the fluoride of 
2ti 
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siliciutD 18 completely expelled. When it is certain 

that the loss of the .topaz is terminated, the crucible is 
taken from the fire and weighed ; there should be no 
loss except of the carbonic acid of the lime and the 
water. The quantity of the carbonate of lime being 
known, and therefore that of carbonic acid, it follows 
that the loss of weight, that of the carbonic acid being 
deducted, depends entirely upon the quantity of water 
which raay have passed through the lime without 
being absorbed. 

This done, the crucible is slightly inclined, the lime 
taken out with the greatest care, generally rendered 
compact and adhering to the crucible by the presence 
of the fluoride of calcium and the silicate of lime- 
When a sufBcient quantity of lime has been taken out 
to free the medium crucible, this is withdrawn, and 
then the interior crucible is free ; it is weighed, and 
the loss of weight gives the fluoride of silicium which 
is evolved. 

It is necessary to prove that this is fluoride of sili- 
cium. The composition of fluoride of silicium is SiF^; 
if it is passed through the lime, it forms SiOj,CaO-l- 
3CaF, a mixture of fluoride of calcium and silicate 
of lime, which gives an excess of lime again. It is ne- 
cessary to take all the substance around the medium 
crucible into the large crucible and boil it with nitrate 
of ammonia, which does not decompose the fluoride 
of calcium and silicate of lime. The quicklime is thus 
disposed of, and fluoride of calcium and silicate of lime 
remain in the proportions indicated above SiOjCaO + 
CaP. 

The substance treated with sulphuric acid should be 
completely converted into sulphate of lime and fluoride 
of silicium. Therefore, after having treated it with 
nitrate of ammonia and washed it, sulphuric acid is 
added until no vapors are given off; the sulphate of 
lime thus formed is treated with boiling water and 
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acid until wholly diasolved. Thia waahin? ia done on 
a filter, so that the sulphate may be acted upon more 
readily by the hot water. The residue on the filter is 
ignited, and should consist of only a very small qaan- 
tity of silica. 

Fluoride of silicium and fluorine may be in excess, 
so that it may be possible to suppose an expulsion of 
free fluorine and fluoride of silicium. But this is not 
probable, because generally the silica is in excess of 
the fluorine, and cannot be set free without combining 
with the silica ; the topaz containing a large quantity 
of fluorine, and but little silica, only sets free fluoride 
of silicium. Admitting, however, that an excess of 
fluorine may exist, it is at the same time supposed that 
it contains no water. 

A sufiicient quantity of silica is added so that only 
fluoride of silicium will be set free, and two estimates 
are made; in the first the material alone is determined, 
and in the second the loss of the substance to which 
the silica has been added. The difference gives the 
amount of silicium necessary to neutralize the fluorine, 
and the quantity of free fluorine existing in the mate- 
rials is deducted from it^ 



:,q,t,=cdbvGoOgle 



EQUIVALENT WEIGHTS OF THE ELEMENTS. 



Alurainnm 


Al 
Sb 
Aa 
Ba 
Bi 
B 
Br 
Od 

Ga 
C 
Ce 
CI 
Cr 
Co 
Cb 
Cu 

E 

F 

G 

An 

H 

In 

I 

Ir 

Fe 

La 


13.r 


Antimony 

Arsenic 


122 

75 


Bismuth 


208 




80 






Cffisium . . 


133 


Calcium . 


20 


Carbon . . 


6 


Cerium .... 


46 


Chlorine 


S5.5 
26 24 








47 


Copper 

Didymium 


31.7 

48 




19 




93 


Gold .... 


196 6 


Hydrogen ■ , . 


1 
35 9 


Iodine 


127 


Iridium 


99 


Lanthanum 


46.4 
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Lead 


Pb 
Li 
Mg 
Mn 


103.5 


Lithium 


7 








27.5 




Hg 

Mo 

Ni 

N 

Oa 



Pd 

P 

Pt 

K 

Kli 

Eb 

Eu 

Sa 

Si 

Ag 

Na 

Sr 

S 

Ta 

Te 

Tl 

Th 

Sn 

Ti 

W 

U 




Molybdenum 

Nickel 


48 
29.6 




14 




99.6 


Oxygen 


8 
53.8 




31 


Platinum 

Potaaaium 


98.7 
39.1 


Bhodiura 


52.2 


Rubidium . 


85.4 


Eutheniam 

Selenium 


52.2 
39.7, 


Silver 






23 




43 75 


Sulphur 


16 


TaDtalum 


91 










Thorium 

Tin 


116.7 






TungsteQ 1 


92 




T 
Y 
Zn 
Zr 


513 


Yttrium 

Zinc 


30.9 
32 6 




44.8 
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EQmVALENT WEIGHTS OF COMPODND BODIES. 



Alam 


{ 3aO,-P24^"} 


474.6 


Alomiaa 


'* 


78.8 


Ammonia 


17 




2NH,0,3CO, 


lis 




NH, 


18 




G3.B 
26 
223.2 






NH.Ci.'ptCl, 


AntimoDioDt sold . 


SbO, 
2MgO,NH.O,AsO,+HO 


163 




190 


Araenio aoid .... 


AaO, 


116 




rd 


99 


Barium, ablorid« of . . . 


104 


ailioofluoride of . 


3BaF, aSiP, 


419.1 


Birjlu 


BaO 


76.6 




BaO. CO, 
BaO, CKJ, 


98.6 


ohromate of . . . 


127.3 


Berylla (glnoiDB) . . 


NaO, 2B<5,4-10HO 


B2.2 


Biborate of soda 


190.8 


BiDozalate of potasas 


KO, 2C,0,+3HO 


146.2 


BiBmatb, terozide of . 


BIO, _ 
KO, HO T 


232 


Bitartrato of potassa . 


ies.2 


Cadmiam, oxide of . . . 


CdO 


64 


Calcium, obloiide of . 


CaCl 


6B.6 


Carbonioaoid . . . . 


PbO, ^rO, 


22 




162.4 


Chromic acid . . . , 


CrO, 


60.7 


Chromiam, Beaanio^ide of . 
Cobalt, protoxide of . 


Cr,0, 


77.4 


C60 


37.8 


Copper, protoxide of . 


CnO 


39.7 


. saboxide of . 


Ctt,0 


71.4 


Cj'anide of silver 


^Agfiy 


134 


Cyanogen 


2KCy,*eC^iK,Cf7 


26 


Fttrrooyanlde of poEaialcm 


164.4 
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EQUIVALENT WEIGHTS OF COMPOUND BODIKS. 807 



Perrocj-anids of potaaBium oon- 


f2KCy, FeCy+31101 
t =K,Cfy+3H0 J 


211.4 


taining wat»r of ory stall iiati on 


Plnorlds of calainm . 


CaF 


39 


Hydrochloric acid 




HCl 


3S.E 






Pdl 


180.4 


of polassiwin 




KI 


166.3 


Iron, protoxide of 




EeO 


36 


Beaqalozide of 




Fe,0, 


80 


Lead, aeetate of 




PbO, A+3H0 


189.6 


chloride ot 




PhCl 


139.2 


protoxide of 




PbO 


111.7 


red oxide of 




Pb0,Pb,0, 


342.5 


Lime . . 




CaO '■ 


28 


oarbonate of 




C»0, CO, 


60 


Magneaia.. 




MgO 


20 


Manganeae, peitnide ot 


MoO, 


43.6 




UnO, Kofi. 


114.8 




MnO 
HgCl 


36.8 

135.5 






HgO 


108 


snbohloride o( . 


HgjCI 


236.5 




SS^. 


208 


Molybdennm, biDOxldo of . 


62 


Hol7bdloaoid . . . . 


Moo; 


70 


Nickel, protoxide of . 


NiO 


37.6 


Nitrate of Urjta 


BaO, NO, 


130.6 


ot lead . 


PhO, NO, 


165.7 




10, NO, 
Ago, NO, 


101.2 


of silver 


170.1 


of soda .... 


KaO. NO, 


86 


of Btrontia . 


8tO, NO, 


105.8 


Nitrioaoid . . . . 


HO.lfo, 


64 












Oxalic aoid . . . 


0,0, 


36 






3H0,d0, 


S3 






2MgO, to. 


111 


" of soda . 


2NaO, PC, 


133 




tli water ot 












2NaO,HO,PO.+ 24H0 


368 


Phoephorio aoid 


PO. ' 


71 


Potaesa 


KO 


47.2 




KG, 2CrO, 


UR.fl 




KO, CO- 


LO.-i 


chlorate of . . . 


KO, CIO, 


122.7 




KO, CrO, 


97.9 


hydrate ot . . . 


KO,HO 


6S.2 






ECl 


74.7 
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H = l. 


PotMsinm, platiiio-ohlorido ot . 


KCl, PtCl, 


244.4 


ailioioaold- . . . . 


SiO, 


3(1 


Sllioium, tBrflnoride of 


SiF, 


7] 


Silver, chloride of . 


AgC'l 


J43.8 


oxide of . . . . 


Af.0 


118.1 


Sod» 


NaO 


31 


oarbonMe of . . . 


NaO.CO, 


53 








w«ter ot orj-stallization . 


KaO, CO,+10HO 


143 


hydrftteot. 


NaO, HO 


40 


Sodinm, ohloride of ' . . 


NaCl 


S8.5 


SUnnioaoid . . . . 


SnO, 


74 


Strontia 


SrO 


61. S 


Salphale of ammonia 


NHASa+HO 


76 


of baryta . 


116.8 


of copper . 


CuO,8dj+6HO 


. 124.7 


of lead . . . 


PbO,SO, - 


151.5 


of lime 


CaO, 80, 


68 




KO,SO, 

FeO, 8O,+7H0 


87.2 


of protoxide of iron . 


139 


of soda 


NaO, SO 


71 




SrO, SO, 


B1.8 


Sulphide of antimony 


SbS, 


177 




AsS, 


123 




Cos 


47.7 


of lead 


PbS 


119.7 




HgS 


116.0 


of moljbdeuom . 


If 


78.0 


of Bilrer . . . 


124.1 


of lino 


ZnS 


48.6 


SnlphurettBd hydrogen . 


H8 


17 


Sulpharic aoid .... 


SO, 


40 


(Lydrated) 


HO, SO, 


49 


fiuIphnroDB acid . . . 


a 


32 


Tin, protoxide of . , . 


66 


Titanic acid . . . . 


TiO, 


41 


Tungstio aoid .... 


wo; 


118 


Water 


HO 


9 


Zinc, oxide of . . . . 


ZuO 


40.8 



ERRATUU. 
Page 287, 4th Hue from top /or Fig. 43 read Fig. 4S. 
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NDEX. 


Add, sraenio, 224 




Ammonia— 






and soda phosphate, 22 


boTMle, 221 






ewbonio, 217, 227 




nitrate of, 290 






and soda snlphate, 18 


hjdrooyanic, 256 






mdjbdio, 181. 185 




Analysis of nitre, 262 


nitric. 221, 226 




volnmetrio, 60, 62 


phosphoric. 223. 226 




Antimony, 224 


phosphorous, detect io 


n. 285 


and arsenio, 88 


silicic, 221, 2-J6. 227 




and tin, 90 


Bniphoric, 222, 228 




and potasaa tartrate, 80 


tant»lio, 177 




and copper. 82 


Urtario, 80, 81 




and iron, 84 


ttt«nia, 171, 172,178 


176 


and lead, 80. 88 


tnngstlc, 178 ■ 




andailrer, 84 


TOD&dic, 185. 187 




and tin, 87 


Alkalies, 16, 227 




chloride. 96 


and magnesia, 25 




estimation, 80 


Alkalimetrj. 240 




sulphide, 81 


Alkaline earths, ^1 




Apatite, 29 


Alum, 83 




Aqua amjgdalamm amara 


iroD- ammonia, 84 




265 


Atamina, S3. 228 




lanrocerasi, 266 


- and barjta, 38 




Argentan. 97 


andchromiamsesqnio 


iide,8S 


Arsenic, 96, 227 


and fluorine, 163 




and antimony. 88 


and gluoino. 151 




and araeDious aeid, 224 


and iron seaquioiide. 


S8 


and cobalt, 104 






and iron, 202 


and phosphoric aaid. 


87 


and lead. 77 


and potash, 148 




and nickel, 98 






and tin. 78 


phosphates of, 86 




antinsoD;. and tin, 90 






chloride. 95 






poisoning by, 268 


Ammonia, 226 




sulphide, 91 




with iron, 202 
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A9h«B of plMitB, 228 

of tetda, 229 
Aali of refiniDg hearth, 205 

Aessj of irob, 50, 52 
HiWer, 67 

Barite, 31 

Buytft and alumina, 33 

and stronUa Beparatioa, 3 

estimatioD, 81 
Bell metnl, 72 
Bertbierite, 84 
Eerjl, 161 
Bismuth and copper, 76 

lead and tin, 74 
Bitter spar, 27 
Black cobalt ore, 107 
Bleaching powder, 260 
Blende, 65 

pitch, 195 
Blandlot, plan to detect pi 

phorus, 282 
Blue vitriol, 53 



Cerinm oxide, 180 

ChalcopjriCe, 63 

Chloride of lime Taluation, 250 

of lithium, 170 

of BilTer, 14 

of sodium, 13, 212, 214. 

of tantalum, 178 

of tbormm, 168 

of liroonium, 167 
Chloridea of mercurj, antimony, 

of potassium, aodinm, and 
magneainm, 29 
Chlorimetry, 250 
Cbtorine. 222, 226 
and bromine, 222 
1* 



Bogii 



re, 49 



Bone-ash, 27 
Boracic acid, 145, 221 
Bourn on ite, 62 
Brass, 58 

Bromide of aodinm, 212 
Bromine, 222 






M, 72 



re, 186 



Cadmium and copper, 60 

and line, 60 
Calcium with iron. 203 
Carbon eadmation, 200 
Carbonate of lead, 62 

of potassa and magnesia, 21 

of sodtL, 223 

of tine, 57 
Carbonates in vater, 220 
Carbonic acid estimation, 21, 27, 

217,227 
Cast-iron, 200 
Celestite, 31 
Cements, 211 
Cerite, 168 



Chrome-alum, 

iron -ore, 187 

yellow, 189 
Chromic acid and lead, 189 
Chromite, 187 
Chrominm estimation, 66 

with Iron, 204 
Chrysolite, 144 
Cinnabar, 72 
Clansthalite, 198 
Clay, 210 
Cobalt and arsenic, 104 

and manganese, 107 

and iron, 106 

ores, black, 107 

speiss, 104 

with iron, 204 
Cobaltite, 104 
Coins, gold and copper, 68 
Coin, ailier, 66 



Comi 



e, 211 



salt, 214 

Compuands, equivalent ' 
of, 306 

Copper, 203, 224, 227 
amalgam, 70 
and antimony, 82 
and arsenic, 76 
and bismuth, 76 
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Copper— 

and ctidmiiiiD, 60 
»ad gold, 68 



nnd BilTcr, 66 
and »inc, 69 
estim&tion, 63 
Diokel, aod lino, 97 
anlphate, 6S 
sulphide, 5S, 82 
with iron, 208 
Cryolite, 165 

Datolite, 146 

Detection of nnotidiied phoepho' 

ran, -ns 
]>id;niiaro oxide, 160 
Dolomite, 27 
Dasaard, plan to detect plioBplio- 



Epeom Bait, 21 
Erbia, 167 

Equivalent Heights of element*, 
804 
weights of oomponod bodieB, 



Feldepar, 147 

Ferroojanide of potaBdam, 257 

Finorine, 168, 224 

fiDd alamina, 163 

and lime, 164 

and Bodiam, 165 

eelimatiaa, SO 
Flnorite, 164 

Qadalinite. 164 
Galenite, 61 
Garnet, 150 



.52 



OertnaD Bilver, 97 
OlasB, 209 
Glaaber's-ealt, 21 
Glaucina and alnmii 
QlDcina, 161 

preparation 
Gold and coppei 



Oraminaoeie, 232 
Qreea, sohweinfurt, 76 
Ouano, 232 
GaD-metal. 72 
Gunpowder, 264 
GjpBam, 81 

Hematite, 42 
Hjdraulio limeBtone, 211 
Hydroejanio acid, 256 
Hydrogen purification, 42 
sulphuretted, 219 

Tdoerase, 160 

IWaite, 143 

InomstationB from Balt-paaa, 216 

Indinm, 183 

oombinatione of, 136 

preparation of, 136 

properties of, 186 

purification of, 135 

separation of, 134 
Iodide ot Bodlum, 212 
Iodine, 222 
IridiwD, 112, 183 

combinations, 187 

preparatioa, 136 

separation, 134 
Iridoamine, 118 
Iron-ammonia- alum, 34 

and aotimooy, 84 

and cobalt, 106 

and copper, 64 

aod magnesia, 144 

and manganese, 47 

and tiUnium, 172, 174 

aasay, 50, 62 

cast, 200 

49 
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meleoiio, 109 

nickel and cobalt, 110 

ore, bog, 49 

browD, 185 

ohrome, 187 
Beaqoioiide ood ainmiua, S8 

and pbosphorie tcid, 41 

ftod protoxide, 44 
titsnio. 172 
. lino and mBngaiieae, oiidea, 
«9 






3, 77 



and ehromio aoid, 189 

and copper, 82 

and «ilTer, 65 

and tin, TS 

and Tanadia acid, 188 

biamatb, and tin, 74 

carbonate of, 62 

eetimation, 62 

mol^bdate of, 181 

phosphate of, 83 

eelenide of, 198 

Tanndate. 1^7 

white, 62 
Lime, 228 

and flnorine, 154 

chloride of, 260 

aetimatioii, 27, SI 

oxalate and pfaosphate of, 236 

Enlphate of, 81 
LimeHtone, 211 
Limonite, 42 
Litbia, 169 
Litbium, ehloride, 170 

Magaesia, 223 

and alkalies, 26 

and BluinlDa, 87 

and ammonia phoapbate, 23 

andiron, 144 

aod lime, 27 

and litbia. IS9 

and manganeae, 46 



and potassa, Bulpbnte, 19 

and eesqiiiozide of iron, 46 

estimation, 19, 25, 28 

carbonate of potassa and, 21 

snlpbaU of, 21 

of polasHaand, 19 
Hagnesiam, ohloride of, 26 

iritb iron, 203 
Magnetite, 44 
Manganese and iron, 47, 1T9, 203 

and lime, 46 

and magneeia, 46 

and lino, 69 

cobalt or nickel, 107 

ore, Taluation of, 248 

nith iron, 208 
Marl, 2U 

Marsh's test for arsenic, 272 
Materials soluble in nitrate of 

ammonia, 296 
Menaocanite, 172 
Mercury, 70 

and copper, 70 * 

chloride, 96 

oxide of, with oside of lead, 
72 

protoxide, 72 
Meteoric iron, 109 
MicrocoBmic salt, 22 
Mineral w 



MiD 



1,72 



MitBoberlich'a plan to detect phos- 
phorus, 278 
Moljbdate of lead, 181 
Moljbdenite, 184 
Moljbdennm wilh iron, 204 
Moljbdio acid, 168, 208 

Natrolite, 141 

Nenhaner and Freaenins, plan to 

detect phosphorus. 282 
Niccolite, 98 
Nickel, and arsenic, 9S 

and cobalt, 99 

and copper, 97 
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Niabite. 176 
Nitrate of ■mmonia, 266 
Nitre, analjBis of, 252 
Nitric uud, 221, 225 

OliTioe, 144 

Ores, black cobalt. 107 

brown iron, 185 

chrome irea, 187 

maogaiiese, 248 

platinum, 111, 114 

red BiWer, 84 

tellurium, 138 
Oi^Koic matters in soil, 226 
Ortboclase, 147 
Oamium, 118 
Oxalate and phosphate of lime, 

Oxide of cerium, 169, ISO 

of didyminm, 160 

of lantbanuin, 160 
Oxides of manganese, iron, and 



Palladium, 111 

Permangaiiate of potash piepuo- 
tion, 50 

Pewter, 73 

Phosphate and oxalate of lime, 2G8 
of alumina, S6 
of mngnesia and ammonia, 23 
of Wda and ammonia, 22 

Phaapht 



I, 87 



ind alun 
and areenio acid, 63 
and magnesia, 24 
and oxide of lead, 63 
and sesqnioxide of iron 



separation from bases, 
29 
FhoBphorouB acid, detection, 286 
Pbosphoras, poisoning bj, 288 

with Iron, 202 
Piteh-blende, 195 
Plant ashes, 228 
Platinum metals and ore. 111, 114 

reaidueB, 121 
PuBoning with arsenic, 253 

poisoning with pbosphorns, 
278 
Potash and alumina, 148 
Potashes, 247 
Potash permanganate, 50 
Potassa, 222, 226 

and antimony, tartrate, SO 

and magnesia, carbonate, 21 
sulphate, 19 

and soda, t&rtrate, 16 
Pot&asiam, chloride of, 26 

ferrocyanide, 257 
Powders, bleaching, 250 
Proustite, 86 
Pjrargyrite, 84 
Pyromorphite. 63 
fjroxene, 160 



1,84 



Bed aiWe: 
Rhodium, 
Roohelte-salt, 16 
Rnthenium, 113 
RUile, 175 

Saline springs. 216 

Bait pans, incrustations ^om, 216 

Scheelite, 181 

detect phospho- 

Schreibersite, 109 
Sobweinfart green. 76 
Selenium and aeleoides, 195, 198 

soot, 197 
Seeds, ashes of, 229 
Seignette salt, 16 
Selenide of lead, 198 
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Biderite, 46 

Siliodtes, 160, 209, 285 

Tolatile nrntters Id, 30O 
amnio acid, 142, 221, 226, 227 
SilidonwitbiTOD, 20! 
SilTer and antimonf , 84 

and araeaia, 84 

RDd copper, 6S 

and gold, 69 

and lead, 66 

and meronrj, 7X 

ohloride, 14 

ooiD, 66 

ore, red. 84 

pure preparaUon, 67 
Sl^B, 206 
Smith Bonite, 67 
Smaltite, 103 
Soda, 222, 226. 247 

and ammoDla, 18 

□arbonate or, 228 

phosphate, 22 
sulphate, 18 

and time, 147 

and potassa eetimattoD, 16 
tartrate. 16 

estimation, 14 

sulphate, 16 
Sodium, chloride, 18 

iodide, bromide, and chloride, 
212 

potassium, and magnedam 
ohloHdes, 25 
Sodium and fluorine, 166 
Soft solder, 78 
Soils, 224 
Solder, 73 
Soot, selenium, 197 
Spathic iron, 46 
Specular iron ore, 42 
Speiia oobalt, 103 

nickel, S8 
Sphalerite, 65 
Sphene, 171 
Spinel, S7 
Springs, saline, 216 
StronUa, 223 



Strontia — 

nd baryta estimation, ( 






e. 31 



esHmaiion. 81 
Sulphate of baryta, 31 
of copper. 63 
of lime, 81 
of potasaa and 
of soda, 15 

of BtroDtia, SI 

of thoria, 16B 

Sulphide of sniimonj, ( 



Sulphur and Iron, 204 

estimation, 63, 81, 63, 96 
Salphuretted hydrogen, 219 
Sulphurio acid, 222, 226, 227 

Tantalio acid, 176, 177 

Tantalite, 177 

Tantalium chloride, 178 

Tartar emetic, 80 

Tartaric acid estimatioD, 80. 81 

Tartrate of antimony and potassa. 



Tetradymite, 140 
Tetrahedrite, 91 
Thallium, 126 

detection. 129 

estimation, 130 

estimation Tolumetric, 132 
Thomsouite, 141 
Thoria, salphate, 16S 
Thorite and thoria, 167 
Thorium, chloride, 168 
Tin. 73 

amalgam of, 71 

and antimony, 87 






1,78 



and copper, 72 



copper, 7j 
lead, 78 
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arseaic, and antlmoDy, 90 
biBDiutb, and lead. 74 

Titenicacid. 171, 172, 173 
iron, 172 

Titanite, ITl 

TitaDiam and iron, 172, 171 

Topai, 16a 

TriphyUte, IBS 

Tiingstia a«id, 179, 181 
aad lime, 181 

Tjye meUI, SO 

trie^te, 146 
Draninite, 102 
Uranium ozids, 192 

Tanadato of lead. 187 

Vanadio acid, 186, 187 
Vanadinite, 1 
Talnatton ot : 

of soda, 247 
Tanitdiam, 186 

with iron, 304 
Vegetable aahee, 231 
Vitriol, blue, &3 

Volatile matters in ailtcatei, 800 
Volumetrio BQaljais, 50, 62 
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Weight! of compoundB, eqaiTa- 
lent, 303 
of eleneDtj, tqulTalent, 804 
Wellvaters. 216 

(ray of iron, 60 
White lead, 62 

Widmannatstten's figures, 109 
Wotf^mite, 17S 
Wood uhes, 231 
Wutfenite, 181 

Tellow chrome, 189 
Yttria, 165 

and erbia separation, 166 

Zinc blende, 56 

and oadmium, 60 

and oopper, 69 

and iron, 64 

and niokfll, 97 

carbonate, 67 

iron and manganese, 69 

■ulpbatea of iron, copper, and, 
68 

sulphide, 56 
Zinkeaite, 83 
Zircon, 166 
Zirconlo, 166 

and iron, 167 

andsllTeT, 157 
Zirconium chloride, 167 
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AMATEUR MECHANICS- WORKSHOP: 

A treatise containing plain and conciji: directions for the manipula- 
tion of Wood and Metals, including Casting, Forging, Brazing, 
Soldering and Carpentry. By the author of the " Lathe and Iti 
Uses." Sercnth edition. IlUistrated; 8to. . , . (3.00 

ANDRES.— A Practical Treatise on the Fabrication of Volatile 
and Fat VamisheB, Lacquers, Siccatives and Sealing 
Waxes. 
From the German of Erwin Andres, Manufacturer of Vamishca 
and Lacquers. With additions on the Manufacture and Application 
, of Varnishes, Stains for Wood, Horn, Ivory, Bone and Leather. 
From the German of Dr. Emil Wtnckler and Lours E. Andss. 
The whole translated and edited by William T. Brannt. With it 
illustrations. i3mo. f3.50 

ARLOT.— A Complete Guide for Coach Painters: | 

Translated from the French of M. Arlot, Coach Fainter, tor 
eleven years Foreman of Painting to M. Eherler, Coach Msker, 
Paris. By A. A. Fesquet, Chemist and Engineer. To vth'iA is 
added an Appendix, containing Information respecting the Maleriak 
and the Practice of Coach and Car Painting and Varnishing in ibi 
Hailed States and Great BHiain. lamo. . Si.aj 

(1) 
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t HENRY CAREY BAIRD A CO.'S CATALOGUE. 

AHUENQAUD, AUOROUX, AND JOHNSON.— The PmcU- 
cal Draughtsman's Book of Industrial Design, and -Ma' 
chinist's and Engineer's Drawing Companion : 
Focming a Complele Couise of Mechanic^ Engineering and Archi- 
lectural Drawing. From the French of M. Armengaud the elder, 
Prof, of Design in the Consetvalaiie of Arts and Industry, Paris, and 
MM. Annei^aud the younger, and Amoroui, Civil Engineers. Re- 
written and arranged with additional loaller and plates, selections from 
and examples of the must useful and generally employed mechani^n 
of the day. By William Johnson, Assoc. Inst. C. E. llluslralej 
by lifty folio steel plates, and fifty wood-cuts. A new edition, ato., 
half morocco . . . ' »,o.oo 

ARMSTRONO.— Tbc Construction and Management i>f Steam 
Boilen: 
By R. Armstrong, C. E. With an Appendix l>y Robekt Mallet, 
C. E., F. R. S. Seventh Edition. Illustrated, i vol. lamo, 75 

aRROWSMITH.— Paper-Hanger's Companion: 
A Treatise in which Ihe Practical Operations of the Trade are 
Systematically laid down : with Copious Directions Preparatory to 
I^perii^-, Preventives against the EfTecl of Damp on Walls ; Ihe 
various Cements and Pastes Adapted to the Several Purposes ol 
(he Trade; Observations and Directions for the Panelling and 
OniaiDeming of Rooms, etc. By James Arhowsmith. ismo., 
cloth *i-a5 

ASHTON The Theory and Practice of the Art of Designing 

Fancy Cotton and Woollen Cloths from Sample : 
Giving full instructions for reducing drafts, as well as the methods of 
spooling and making out harness for cross drafts and iinding any re- 
quired reed; with calculations and tables of yam. By pREDEKIc T. 
AsHTON, Designer, West Piltsfield, Mass. With fifty-two illustrations. 
One vol. folio «6.oo 

AS KINS ON. —Perfumes and their Preparation : 

A Comprehensive Treatise on Perfumery, contidniog Complete 
Directions for Making Handkerchief Perfumes, Smelling- Salts, 
Sachets, Fumigating Faslila ; Preparations for the Care of the Skin, 
the Mouth, the Hair; Cosmetics, Hair Dyes, and other Toilet 
Articles. ByG.W. AsKiNSON. TranslatedfromlheGermanbylsiDOtt 
FUKST. Revised by Charles Rice. 32 Illustrations. 8vo. #3.00 

BAIRD. — Miscellaneous Papers on Economic Questions. 
By Hemy Carey Baird. [In prcfaralion.) 

SAIRD. — The American Cotton Spinner, and Manager's abd 
Carder's Guide: 
A Practical Treatise on Cotton Spinning ; giving the Dimensiona and 
Speed of Machinery, Draught and Twist Calculations, etc.; wilh 
notices of recent Improvements: together with Rules and Examples 
ibr making changes in the sizes and numben of Roving and Yam. 
C^m[aled from the papers of the late Robekt H. Baikd, tamo. 

#1.50 
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BAIRD.— Standard Wagea Computing TabUs: 
An Improvement in all former Methods of Computation, so arranged 
that wages for day^, hours, or fractions of hours, at a specified tale 
per day ot hour, may lie oGceitiiined at a glance. By T. Spancleb 
Baird. Oblong folio .• 15.00 

BAKER.—Long-Span Railway Bridges : 
Comprising Investigations of the Comp.nmLlve Theoretical tnd 
Practical Advantages of the various Adopted or Proposed Type 
Systemsof Confiruction; with numerous Formula; and Tables. By 
B. Bakek.. tzmo. ft.SQ 

SAKER.— The Mathematical Theory of tbe Steam-Engine : 
With Rules at length, and Examples worked out for Ihe use of 
Practical Men. By T. BAKER, C. E., with numerous Diagrams. 
Sixth Edition, Revised by Prof. J. R. VoUNC. I2mo. . 75 

BARLOW.— The History and Principlea of Weaving, by 
Hand and by Powei : 
Repnnted, with Considerable Additions, from " Engineering," with 
a chapter on Lace-maliing Machinery, reprinted from the Journal of 
the " Society of Arts." By Alfred Barlow. With several hundred 
illustrations. 8vo., 443 pages f 10.00 

BARR.— A Practical Treatise on the Combustion of Coal: 
Including descriptions of various mechanical devices for the Eco. 
nomlc Generation of Heat by the Coirbuslion of Fuel, whether solid, 
liquid or gaseous. 8vo (1.50 

BARR. — A Practical Treatise on High Pressnre Steam BoileTa ; 
Includii^ Results of Recent Experimental Tests of Boiler Materials, 
ti^ether with a Descriplion of Approved Safety Apparatus, SteaiD 
Pumps, Injectors and Economizers in actual use. By Wh. H. Barr. 
204 Illustrations. 8vo fc-oo 

BAUERMAN.— A Treatise on the Metallurgy of Iron : 

Containing Outlines of ihe History of Iron Manufacture, Methods of 
Assay, and Analysis of Irnn Ores, Piocessis of Manufacture of Iron 
and Steel, etc., etc. By H. BAUERMAN, F. G, S., Associate of th« 
Royal School of Mines. Fifth Edition, Revised and Enlarged. 
Illustrnted with numerous Wood Engravings from Drawings by J. " 
Jordan. lamo 

BAYLES. — House Drainage and Water Service: 

In CUies, Villages and Rural Neighborhoods. With Incidental Con. 
sidetation of Certain Causes Affecting the Heallhfulness of Dwell- 
ings. By Tames C. Bayles, Editor of ■' The Iron Age " and " The 
Metal Worker." With numerous illuslralions, 8vo. cloth, J3.O0 

BEANS.— A Treatise on Railway Curves and Location of 
Railroads: 
By E. W. Beans, C. E. Illustrated, iimo. Tucks $t.%a 

BECKETT.— A Rudimentary Treatise on Clocks, and Watcbaa 

and Bella : 

By Sir Edmi;ni> BECKETT, Bait., LL. D., Q. C F, R. A. S. With 

illustrations. Sevenlb Edition, Revised and Enlarged. 

$13$ 
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BELL.— C«rpenti7 Made Easy : 

Or, The Science and Art of Framing on a New and Improved 
System. With SpeciRc Instructions Tor Building Balloon Frames, Bam 
Frame?, Mi'l Frannes, Warehouses, Church Spires, etc. Compri^ng 
ftlso a System of Bridge Building, with Bills, Estimates of CiMt, and 
valuable Tables. Illustrated by forty-four plates, comprising Jiearly 
200 hgures. By William E. Bell, Architect and Practical Builder. 

8vo (S-oo 

BEMROSB. — Fret-Cutting and Perforated Carving: 
With tifly-lbree practical illustrations. By W. Bemkose, Jr. i vol- 
quarlo ^30° 

BEMROSE.— Manual of Buhl-work and Marquetiy: 

With Practical instructions for I>earaers, and ninety colored designs. 
By W, Bemkose, Jr. i vol. quarto .... II3.00 

BEMROSE.— Manual of Wood Carving: 

With Practical Illustrations for Learners of the Art, and Original and 
Selected Design?. By William Bemrose, Jr. Willi an Intro- 
duction by Llewellyn jEWtrr, F. S. A., etc. With 128 illustra- 
tions, 4to $3-oc 

BILLINGS.— Tobacco : 

Its History, Variety, Culture, Manufacture, Commerce, and Varioai 
Modes of Use. By E. R. Billings. Illustrated by nearly zoo 
engravings. Svo ti-M 

BIRD. — Tbe American Practical Dyers' Companion: 

Comprising a Description of the Principal Dye-Stuffs and Chemicals 
used in Dyeing, their Natures and Uses; Monlants, and How Made; 
with the best American, English, French and German processes for 
Bleaching and Dyeing Siili, Wool, Cotlon, Linen, Flannel, Felt. 
Dress Goods, Mixed and Hosiery Yarns, Feathers, Gra.=s, Felt, For, 
Wool, and Straw Hats, Jule Yam, Vegetable Ivory, Mais. Skins, 
Furs, Leather, etc., etc. By Wood, Aniline, and other Processel, 
together with Remarks on Finishing Agents, and Instructions in the 
Finishing of Fabrics, Substitutes for Indigo, Water-Prooling of 
Materinis, Tests and Purification of Water, Manufacture of Aniline 
and other New Dye Wares, Harmoniung Colors, etc., etc. ; embrac- 
ing in all over Soo Receipts for Colors and Shades, Bccomfiatiild by 
1 70 Dyed Samplfs of Raw Mattrialt and Fairies. By F. J. BiRD, 
Practical Dyer, Author of "The Dyers' Hand-Book." Svo. (10.00 

aLINN.— A Practical Workshop Companion fbr Tin, Sheet* 
Iron, and Copper-plate Workers : 
Containing Rules for describing various kinds of Patterns used by 
Tin, Sheet-Iron and Copper-plate Workers; Practical GeoraetiTJ 
Mensuration of Surfaces and Solids ; Tables of the Weights of 
Metals, Lead-pipe, etc.; Tables of Areas and Circumference* 
of Circles; Japan, Varnishes, Lackers, Cements, Compr.sitions, ete., 
etc. By Lerov J. Blinn, Master Mechanic. With over Ons 
Hundred Illustrations. t4mo. It-S" 
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«OOTH.— Marble Worker'B Manual: 
Containing Practical Information respecting Marbles in general, thd« 
Cutting, Working and Polisliing-, Veneering of Marble ( Mosaics; 
Composition and Use of Artificial Marble, Stuccos, Cements, Receipts, 
Secrets, etc., etc. Translated from the French by M. L. Booth. 
With an Appendix concerning American Marbles, izmo., cloth J1.50 

BOOTH and MORFIT.— The Encyclopedia of Cbemlstty, 
Practical and Theoretical : 
Embracing its application to the Arts, Metallurgy. Mineralogy, 
Geology, Medicine and Pharmacy. By JAMK C. BOOTH, Melter 
and Refiner in the United Slates Mini, Professor of Applied Chem- 
btry in the Franklin Institute, etc., assisted by Campbell Morfit, 
author of " Chemical Manipulations," etc. Seventh Edition. Com- 
plete in one volume, royal Svo., 978 pages, with numerous wood-cuts 
and other illustrations tS-OO 

3RAM WELL.— The Wool Carder's Vade-Mecum . 

A Complete Manual of the Art ul Catdinj; Teilile Fabrics. By W. 
C. Bramwell. Third Edition, revised and euUi^ed. lUiislrated. 
Pp. 400. l2mo 82.50 

BRANNT.— A Practical Treatise on Aulmal and Vegetable 
Pats and Oils : 
Comprising lioth Fixed and Volatile Oi!i, their Physical and Chemi- 
cal Properties and Uses, the Manner of Extracting and Refining 
them, and Practical Rules for Testing them; as well as the Mnnu- 
facture of Artificial Butter, Lubricants, including Mineral Lubricating 
Oils, eic., and on Ozokerite. Edited chiefly from the German oT 
Drs. Karl Schaedler, G. W. Askinson, and Richard Brunner, 
with Additions and Lists of American Patents relating to the Extrac- 
tion, Rendering, Refining, Decomposing, and Bleaching of Fats and 
Oils. By William T. Brammt. Illustrated by 244 engravings. 
739 pages. Svo J7.50 

BRANNT.— A Practical Treatise on the Manufacture Of Soap 
and Candles: 
Based upn the most Recent Experiences in the Practice and Science; 
comprising the Chemistry, Raw Materials, Machine v. and Utensils 
and Various Processes of Manufacture, including a great variety of 
formulas. Edited chiefly from the German of Dr. C. Deite, A. 
Engelhardt, Dr. C. Scbaedler and others; with additions and lists 
of American Pateols relating to these subjects. By Wm. T. BeaNNt. 
Illustrated by 163 engravings. 677 page*. Svo. , . S7.50 

BRANNT.- APractical Treatise on the Raw Materials and the 
Diatillation and Rectification of Alcohol, and the Prepara- 
tion of Alcoholic Liquors, Liqueurs, Cordials, Bitters, etc.; 
Edited chiefly from the German ol Dr. K. Slammer, Ilr. F, Eisner, 
and E. Schubert. By Wm. T. Bhaknt. Illustraied by thirty-one 
engravings. i2mo $i.v. 
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BRANNT— WAHL.— The Tecbno -Chemical Receipt S«*t 

Conlaining several thousand Receipts covering ihe latest, mo* ^ 
pnrlanl, and roo^l iis«rul discoveries in Chemical Technolf^. ani) 
their Practical Application in the Arts and the Industries. Ed;le<! 
chiefly from the Orman of Drs. Winckler, Eisner, Heintze, Mier- 
linski, Jacobsen, Kntler. and Heinzerling. with additions by Wm. 1. 
Branht and Wm. H. Wahl, Ph. D. Illustrated by 78 engravings 

timo. 49J pB):;e'i tzoa 

ROWN. — Five Hundred and Seven Mechanical Movements: 
Embracing all those which are most important in Dynamics, Hy. 
draulics, HydrOsUtics, Pneumatics, Steam -Engines, Mill and nthei 
Gearing, Presses, Horoli^y and Miscellaneous Machinery; and in- 
cluding many movements never before published, and several it 
which have only recently come into use. By Henry T. Brown 

6 UC KM ASTER.— The Elements of Mechanical Physics : 

By J. C. BUCKMASTEK. Illustrated with numerous engravings. 
Iimo *1.50 

ttULLOCK.— The American Cottage Builder ; 
A Series of Designs, Plans and Specilicalions, from f 200 to Jio,ooo, 
for Homes for the People; together with Wanning, Veniilation, 
Drainage, Painting and I^nd<icape Gardening. Dy John Bi;llo':k, 
Aichitect and Editor of "The Rudiments of Archilectore and 
BiiiHing," etc., elc. Illustrated by 75 engravings. 8vo. $$.$i) 

BULLOCK.— The Rudiments of Architecture and Building: 
For the use of Architects, Builders, Draui;htsmen. Machinists, En- 
gineers and Mechanics. Edited by John Bullock, author of " The 
American Cottage Builder." Illustrated bylJoEngravingt. 8vo.y3.fio 

BURGH.— Practical Rules for the Proportions of Modem 
Engines and Boilers for Land and Marine Purposes. 
By N. P. Burgh, Engineer. i2mo. .... >l.5o 

BYLES.—Sophisms of Free Trade and Popular Political 

Economy Examined. 

Dy a Barrister (Sir John Barnard Bvles, Judge of Common 

Pleas). From ihe Ninth English Edition, as published liy ilii- 

Manchester Reciprocity Association. l2mo. . . f 1 -■ 

BOWMAN.— The Structure of the Wool Fibre In Its Kelatlaa 
to the Use of Wool for Technical Purposes : 
Being the substance, with additions, of Five Lectures, delivered at 
the request of the Council, to the members nf the Bradford Technical 
College, and the Society of Dyera and Colorists. By F. H- Bow- 
MAN, D. Sc, F. R. S. E., F. L. S. Illustrated by 32 engravings. 

8vo t6.y) 

0YRNE.— Hand- Book for the Artisan, Mechanic, and Engi- 

Compri'iing the Grinding and Sharpening of Culling Tools, Abradve 
Processei, I,apidary Work, Gem and Glass Engraving, Varnishine 
and Lackering', App:i'itus, Malerialt and Processes for Grinding and 
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Polishii^, etc. By Olivke Bykhs, lUiutrated by 18$ wood en* 

gravmgs. 8vo. IS-OO 

BYRNE.— Pocket -Book for Railroad and Civil Engineers : 

Containing New, Exact and ConciH: Methoda for laying out Railroad 
Curves, Hwilches, Fm^ Angles and Crossings; the Staking out of 
work; Levelling; the Calculilion of Cutlings; Embankments; Earth- 
work, etc. By- Oliver Bvrne. iSmo., full bound, pocket-book 
Tonn It-7S 

BYRNE.— The Practical Uetal- Worker's Assistant: 
Comprising MctoJIurgic Chemistry ; the Arts of Working all Metab 
and Alloys; Forging of Iron and Steel; Hatdenine and Tempering; 
Melting and Mixing; Casting and Founding; Works in Sheet Metal; 
the Processes Dependent on the Ductility of the Metals; Soldering; 
and the most Improved Processes and Tools employed by Metal- 
workers. With the Application of the Art of Electro- Metallurgy to 
Manufacturing Processes; collected from Original Sources, and from 
iKe works of Hollzapffel, Bei^ron, Leupold, Plumier, Napier, 
ScolTern, Clay, Fairbaim and others.' By Oliver Bvrke. A new, 
revised and improved edition, to' which is added an Appendix, con- 
taining The Manufacture of Russian Sheet-Iron. By John Psu^Y, 
M. D., F. R. S. The Manufacture of Malleable Iron Castings, and 
Improvements in Bessemer Steel. By A. A. Fesquet, Chemist and 
Engineer. With over Six Hundred Engravings, Illustrating every 
Branch of the Subject. 8vo fs^oo 

BYRNE.— The Practical Model CalcuUtor: 
For the Engineer. Mechanic, Manufacturer of Engine Work, Navtd , 
Aichkect, Miner and Millwright. By Olivek Bvkne. 8vo., nearly 
600 pages $^.j, 

CABINET MAKER'S AUIUM OF FURNITURE: 

OKBprising a Collection of Designs for various Styles of Fumlttne. 
Illustrated by Forty-eight Large and Beautifully Engraved Plates. 
Oblong, 8vo #3 W 

CALLINGHAM — Sign Writing and Glass Embossiae: 

A Complete Practical Illustrated Manual of the Art. By James 
Callingham. i2mo J1.50 

CAMPIN.— A Practical Treatise on Mechanical Engineering: 
Comprising Metallurgy, Monlding, Casting, Forging, Tools, Work. 
shop Machinery, Mechanical Manipulation, Manufacture of Steam- 
Engincs. etc. With an Appendix on (he Analysis of Iron and Iron 
Ores. ByFuANClsCAMPlN, C. E. To which are added. Observations 
00 the Construction of Steam Boileis, and Remarks upon Furnace* 
used for Smoke Prevention; with a Chapter on Explosions. ^ R. 
ArMSTRONC, C. E., and John Bourne. Rules for Calculating tha 
Change Wheels for Screws on a Turning Lathe, and (or a Whect 
cutting Machine. By J. La Nicca. Management of Steel, Includ- 
mg Forging. Hardening, Tempering, Annealing, Shrinking arri 
Expaniiin; and the Case-hardening of Iron. By G. Edf. Svo, 
lllusinlKd with tweniy-nine plates and 100 wood engravings {5.00 
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CARBY.— A Uemoir of Heniy C. Car^. 

By Dr. Wm. Elder. Wiib a portrait. 8vo., doth . . f5 

CAREY.—The Worka tjf Henry C. Carey : 

HantMny of Interests: AgiicuUursI, Mannlacturing and Cooimer^ 

cial. 8*0. $i.y: 

Manual of Social Science. Condensed Trom Carer's '* Principles 
or Social Science." By Kate McKean. i vol. 121D0. . fz.zS 
Miscellaneous Worlcs. With a Foriiait. 3 yoU. 8to. fto.oo 

Past, PrcHcnt and Future. 8vo t'-SO 

Principles of Social Science. 3 volumes, Svo. f laoo 

The Slave- Trade, Domestic, and Foreign; Why it Exists, and 
Howit may be Exlingui9he<i (1853). Svo. . . . Jta.OO 

The Unity of L.aw: As Exhibited in the Relations ot Physical, 
Social, Mental and Moral Science (187a). Svo. ■ #3.50 

CLARK. — Tramways, their Constructian and Working : 

Embracing a Comprehensive History of ihe System. With an eX' 
haostive analysis of the various modes of traction, including horse- 
power, steam, heated water and compressed air) a description of Ihr 
varieties of Rolling stock, and ample details of cost and working ei- 
penses. ByD. Klnneab C'.abk. Illustrated by over zoo wood 
engravings, and thirteen folding plates. 2 vols. Svo. , 112.50 

COLBURN.— Tbe Locomotive Engine : 

Including a Description of its Structure, Rules for Estimating its 
Capabilities, and Practical Observations on its Construction and Man- 
agement. By Zerah COLBURN. Illuslraled. ISmo. . Jl.OO 

SOLLENS. — The Elden of Labor; or, the Christian Utopia. 
By T. Wharton Collens, author of " Humanics," " The Historj 
of Charily,'' el c. I2mo. Paper cover, Sl.oo; Cloth . $1.2$ 

COOLEY.— A Complete Practical Treatise on Perfumer];: 

Being a Hand-book of Perfumes, Cosmetics and other Toilet Articles. 
With a Comprehensive Collection of Formula. By AX.NOLD J, 
CooLEV. izmo Jti-St 

COOPER.— A Treatise on tbe use of Belting for t\e Trans- 
mission of Power. 

^ With numerous illustrations of approved and actual metbods of ar- 
> ranging Main Driving and Quarter Twist Belts, and of Relt fasteit 
ings. Examples and Rules in great number for exhibiting aiMl cat' 
culating the siie and driving power of Belts. Plain, Particular and 
Practical Directions for the Treatment, Care and Manigement o' 
Belts. Descriptions of many varieties of Beltings, tojelher witn 
chapters on the Transmission of Power by Ropes; by Iron and 
Wood Frictional Gearing ; on the Strength of Belling Leather ; and 
on the Experimental Investigations of Morin, Briggs, and others. Bj 

John H. CoofER, M. E. 8vo #3.50 

CRAIK Tbe Practical Amencan MiUwright aud MQler. 

. By David Craik, Millwright. Illustrated bj uumemus wood em- 

gtavings and two folding plates. Svo tS^>* 
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CREW.— A Practical TreatiBe on Petroleum : 

Comprising its Origin, Geology, GeogtaphicaJ Distribution, History, 
Chemistry, Mining, Technoli^y, Uses and TranEpoitalion. Tf^^her 
with a Description of Gas Weils, the Application of Gas a^ Fuel, etc. 
By Benjauin J. Grew. With an Appendii on the Product and 
Exhaustion of the Oil R^ions, and the Geoii^[y of Natural Gag in 
Pennsylvania and New York. By Charles A. Ashburnek, M. S.. 
Geoli^ist in Charge Pennsylvania Survey, Philailelphia lllastrated 
by 70 engravings. Svo. 508 pages , . . Js.OO 

CROSS.— The Cotton Yam Spinner: 

Showing how the Preparation should be arranged for Different 
Counts of Yams by a System more uniform than has hitherto been 
practiced; by having a Ktanilard Schedule from which we make all 
our Changes, By Richard Cross, ua pp. larao, . 75 

CRISTIANI.— A Technical Treatise on Soap and Candles: 
Wiih a Glance at the Industry of Kals and Oils. By R. S. Cris 
TlANl, Cheraiat. Author of " I'erfunieiT and Kindre<l Arts." lUus- 
Iraled by 176 engravings. 581 pages, 8vo. . . . fli-SO 

CRISTIANI.— Peifumeiy and Kindred Arts: 
A CJimprehensiife Treatise on Perfumery, containing a History of 
Perfumes from the remotest ages lo the present time. A complete 
detailed description of the various Materials and Apparatus used in 
the Perfumer's Ari, with thorough Practical Instruction and careful 
Pormulfe, and advice for the fabrication of all known preparations of 
the day, including Essences, Tinctures, Extracts, Spirits, Waten, 
Vinegars, Pomades, Powders, Paints, Oils, Emuluons, Cosmetics, 
Infusions, Pastilles, Tooth Powders and Washes, Cachous, Hair Dye*, 
Sachets, Essential Oils, Flavoring EitracU, etc.; and full details foe 
making and manipulating Fancy Toilet Soaps, Shaving Creams, etc. 
by new and improved methods. With an Appendix giving hinis and. 
advice for making and fermentii>g Domestic Wines, Cordials, Liquors, 
Candies, Jellies, Svrups, Colors, etc., and for Perfuming and Flavor* 
ing Segars, Snuff and Tobacco, and Miscellaneous Receipts fo« 
various useful Anali^ous Articles. By R. S. CRISTIANI, Con- 
Eulting Chemist and Perfumer, Philadelphia. Svo. . . fio.oo 
DAVIDSON.— A Practical Manual of House Paintliig, Qiain- 
ing. Marbling, and Sign- Writing: 
Containing full information on the processes of House Painting in 
Oil and Distemper, the Formation ik Letters and Practice of Sign-^ 
Writing, the Principles of Decorative Art, a Course of Elemenlarj 
Drawing for House Painters, Writers, etc., and a Collection of Usefiu 
ReceifJlSi Whh nine colored illustrations of Woods -and Marbles, 
snd ntunerous wood engravings. By Eli.is A. Davidson, izmo. 

DAVIES.— A Treatise on Earthy and Other Minerals and 
Mining; 
By D. C. DAVIES, F. G. S., Mining Engineer, etc. Illui^trated h; 
76 Engravings. l2mo (5.00 



:,q,t,=cdbvCoOg[c 



fO HENRY CAREY BAIRD & CO.'S CATALOGOt 

OAVIB8.— A TrcatiM on MeUUifenms Hinerals Bud Miniiur: 
fly D. C. Davibs, F. C. S., Mining Engineer. Examiner of Mi^ 
Quames and CollieriCT. Illustrated by 148 engravings of Geolo^ol 
Fonnations, Mining Operaiions and Machinery, drawn f-om lh« 
practice of all parts of the world, zd Edition, lamo., 450 paces ft.oa 
3AVIBS — A TreatiM on Slate >nd Slate Quanying: 
Scientific, Practical and Commercial, By D. C Davies F G S ' 
Miniog Engineer, etc. With numerons illmlrations and folding 

. P*"^ ""^ $2m 

/DAVIS.— A Treatise on Steam-BoOeT Incrastation and MeOi. 
' ods for Preventing COTTOsion and the Formation of Scale .■ 

By Chakles T. Davis, lllusirated by 65 engravings. 8»o. #1.50 
PAVIS,~The Manufacture of Paper : 

Being a Descriptinn of (he various Processes for the Fabrication, 
(olorinK and Finishing of eveiy lind of Paper, Including the Dif- 
ferent Raw Materials and (he Methods for Determining.lheir Values, 
the Tools, Machines and Practical Details connected with an intelli- 
gent and a profitable ]»oseculion of the art, with special reference to 
the best American Practice. To which are added a History of Pa- 
per, complete Lists of Paper-Making Materials, List of American 
Machines, Tools and Processes used in treating the Raw Materials, 
and in Making, Coloring and Finishing Paper. By Charles T. 
Davis. Illustrated by 156 engravingi, 608 pages, 8vo. J6.00 

DAVIS.— Tbe Manufacture of LMther: 
Beinga description of all of the Processes for the Tanning, Tawing, 
Carrying, Finishing and Dyeingof every kind of Leather; including 
the various Raw Materials and the Methods for DelermininB their ■ 
Values; the Tools, Machines, and oil Details of Importance con- 
nected wilh an Inlelligent and Profilable Prosecution of the Art, with 
. Special Reference to the Best American Praclice. To which nre 
added Complete Lists of all American Patents foe Materials, Pro- 
cesses, Tools, and Machines for Tanning, Currying, etc. By Chables 
Thomas Davis. Illustrated by 302 engravings and iz SaropU'sof 
Dyed Lcathei*, One toL, 8vo., 824 page* . , . (lo.co 
DAWIDOWSKY— BRANNT,— A Practical Treatise on the 
Raw Materials and Fabrication of Glue, Gelatine, Gelatine 
Veneers and Foils, Isinglass, Cements, Pastes, Mucilages, 
etc.! 
Eased upon Actual Experience. By F. Dawtdowsky, Technical 
Chemist. Translated from the German, with extensive additions, 
including a description of the most Recent American Processes, by 
William T. Brannt, Graduate of the Royal Agriculiurai College 
of Eldena, Prussia. 35 Engravings, izmo, , , . ^2.50 
DB QRAPF.— The Ocometrical Stair-Bnilders' Guide: 
being a Plain Practical System of Hand-Railing, embracing all ib 
necessary Details, and Geometrically lliustraled by Iwenly-lwo Sted 
Engravings; ti^elher wilh the use of tlie most approved pnnciplet ^ 
of Practical Geometry. By Simon De Ckakf, Architect. {!», 
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UR KOHINCK— DIETZ.— A PracUcal Huiual of ChemlciJ 
Anal]rBis and Assaying; 
AaapplicdtolheManulactiire of Iron froin its Ores, and to CaM IttM, 
WtODGht Iron, and Steel, as founit in Commerce. By L. L. Dl 
KoNiNCK, Dr. Sc., and E. Dietz. Engineer. Edited witli Notes, by 
RoBEKT Mallet, F. R. S., F. S. G.. M. I, C. E., elc. American 
Edition, Edited with Notes and an Appendix on Iroe Ores, by A. A. 
Fesqttbt, Chemist and Engineer. l2mo. . . , #2.50 

DUNCAN.— Practical Surveyor's Guide ; , 

Containing the necesitary infonnation to make any person of cont 
mon capacity, a finished land surveyor witliout the aid of a leacher 
By Andrew Di;ncan. Illnstraled, i2mo. . ft 35 

0UPLAI3.— A Treaiise oo the Manufacture and Distillation 
of Alcoholic Liquors: 
Comprising Accurate and Complete Details in Reganl to Alcohol 
from Wine, Molasses, BeeK, Grnin, Rice, Potaloe^i, Sorghum, Aspho- 
del, Emits, etc.; with the Di>-til!ation and Rectification of Brandy. 
Whiskey, Rum. Gin. Swiss Absinthe, etc., the PreparJtioo of Aro- 
Blatic Waters, Volatile Oils or Essences, Sugnn, Syrups, Aromatic 
Tlncbires, Liqueurs, Cordial Wines, Effervescing Wines, etc., the 
Ageing of Brandy and the improvement of Spirits, with CopioM 
Directions and Tables for Testing and Reducing Spirituous liquors, 
etc., etc. Translated and Edited from the French of MM. Duplais, 
Aitii et jeune. By M. McKennie, M. D. To which are added the 
United Stales liilernal Revenue Regulations for the Assessment and 
Collection of Taxes on Distilled Spirits. Illustrated by fourtee* 
folding plates and several wood engravings. 743 pp. 8vo. fio 00 

aUSSAUCE,— Practical Treatise on the Fabricatkm of Matches, 
Gun Cotton, and Fulminating Powder. 
By Professor H, Dussauce. i2mo fo 00 

OYER AND COLOR-MAKER'S COMPANION: 
Containing upwards of two hundred Receipts for making Colors, on 
the most approved principles, for all the various slylesand fabrics now 
in existence; with the Scouring Process, and plain Directions foi 
Preparing, Washing-off, and Finishing the Goods, izmn. (i 2j 

EDWARDS.— A Catechism of the Marine Steam-Engine, 
For the use of Engineers, Firemen, ami Mechanics. A Practical 
Work ftfr Practical Men. By Emory Edwards, Mechanical Engi- 
neer, Illustraied by sixty-lhiee Engravings, including examples of 
[he most modern Engine'-. Third edition, ihoioughly revised, with 
much additional matter. i2mo. 414 pages . . {3 OR 

CDWARDS.^Modem American Locomotive Engines, 

Their Design, Construction and Management. By EuoRV EdWAUW. 
Illustrated izmo S*'00 

EDWARDS.— The American Steam Engineer: 
Theoretical and Practical, with eximple^ of [he latest and most ap- 

Eoved American practice in the design and construction of Steam 
■-gines and Binlers. For the use of engineers, maehinisjs, boiler- 
^•"Lkers, and engineering studenis. By Emory Edwards. Fully 
•llustrated, 419 pages. l2mo. .... $2.50 
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KDWARDS.— Modem American Marine EnglneB, Baitoni,siil 
Sciew Propellera, 
Their Design and Construction. Showing the Present Pracdce of 
the mo^ Eminent Engineers and Marine Engine Builders in the ' - 
United Stales. Illustrated by 30 large and elaborate plates. 410. (5.00 
BDWARDS.— The Practical Steam Engineer's Guide 
In the De^gn, Construction, and Management of American Stationary, 
Portable, and Steam Fire-Enginea, Steam Pumps, Boilers, injectors. 
Governors, Indicalors, Pistons and Rings, Safety Valves and Steam 
Gai^ea. For the use of Engineers, Firemen, and Steam Users. Bj 
EuoRY Edwards. Illustrated by 119 engravings. 420 pages. 

l2tno f 2 50 

EISSLBR.— The Metallurgy of Gold : 

A Practical TreaiUe on the Melallui^ical Treatment of Gold-Bear- 
ing Ores, including the Processes of Concentration and Clilorinalion, 
and the Assaying, Melting, and Refining of Gold. By M. EissleK. 

With 132 Illustrations. Umo {13.50 

EISSLER.^The Metallurgy of Silver 1 
A Practical Treatise nn the Amalgamation, Roasting, and Lixiviatinn 
of Silver Ores, including the Assaying, Melting, and Refining of 
Silver Bullion. By M. ElssLER. 124 illustrations. 336 pp. 

"nio- *4=S 

ELDER.— Conversations on the Principal Subjects of Political 
Economy. 

By Dr. William Elder. 8vo Ja.50 

ELDER.— Questions of the Day, 

Economic and 5»^ial. By Dr. William Elder. Svo. . t^oo 
BRN I. -Mineralogy Simplified. 
Easy Methods of Detetminirg and Classifying Minerals, inclading 
Ores, by means of the Blou'i ipe, and by Humid Chemical Anaiyns, 
based on Professor von Ktbell's Tables for the Delermiiialioii of 
Minerals, with an Introduction to Modem Chemistry. By HenRY 
Erni; A.M., M.D., Professor of Chemistry. Second Edition, rewritten, 

enlar^d and improved. l2mo. 630c 

FAIRBAIRN.— The Prmciples of Mechanism and Machineo 
of TransmisGion ■ 
Comprising the Principles of Mechanism, Wheels, and Pullevs, 
Strength and Proportionsof Shafts, Coupling of Shafts, and Engag. 
iag and Disengaging Gear. By Sir William Fairbairn, Bail 
C. E, Beautifully llluslraied by over 150 woodcuts. In oiif 

volume. l2mo t'-V 

(T-EMI NG.— Narrow Gauge Railways in America. 
A Sketch of their Rise. I'rogiess, and Success. Valuable Statistics 
as to Grades, Curves, Weight <•( Kail, Locomotives, Cars, elc. By 

HowARii Fleminc;. Illustrated, Svo *i 00 

ffORSVTH.— Book of Designs for Headstones, Mural, and 
other Monuments : 
Containing 78 Ueagns. By JAMP.S FoRSYTH. With an Introduction 
\^ Charles Boutkll, M. A. 4 lo-. doth . . $5 •^ 
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PRANKEL— HUTTBR.— A Practical Treatise on the Mann* 
focture of Starch, Glucose, Staich-Sugar, and Deztiine: 

Ba»ed on the German of Ladislaus Von Wagner, Professar in the 
Roval Technical High School, Buda-Pest, Hungary, and cither 
BuUioTities. By Julius Fkankel, Graduate of the Polytechnic 
School of Hanover. Edited by Robert Hutter, Chemisi, Practical 
Manufacmrer of Starch-Sugar. Illuslrated by 58 engravings, cover- 
ing eveiy branch of the subject, including examples of the most 
Recent and Best American Machinery. Svo., 344 pp. , ^3.50 

GARDNER.— The Painter's Encyclopadia : 
Containing Definitions of all Important Words in the Art of Plain 
and Artistic Painting, with Details of Practice in Coach, Carriage, 
Railway Car, House, Sign, and Ornamental Painting, including 
Graining, Marbling, Staining, Varnishing, Polishing, Lettering, 
Stenciling, Gilding, Bronzing, etc. By Franklin B. Gardner. 
158 Illustrations. t2mo. 427 pp f2.oa 

GARDNER.— Everybody's Paint Book: 

A Complete Guide to the Art of Outdoor and Indoor Painting, De- 
signeil for the Special Use of those who wish to do their own work, 
and condoling of Practical Lessons in Plain Painting. Varnishing, 
Polishing. Staining, Ppprr Hanging, Kalsomining, etc., as well aa 
Directions for Renovating Furniture, and Hints on Artistic Work for 
Home Decoration. 38 Illustrations. l2ino., 1S3 pp. . $1.00 

QEE.— The Goldsmith's Handbook: 

ContEining full instrucdons for the Alloying and Working of Gold, 
including the Art of AUoyitig, Melting. Reducing, Coloring, Col- 
lecdng, and Refining; the Processes of Manipulation, Recovery of 
Waste; Chemical and Physical Properties of Gold; with a New 
System of Mixing its Alloys ; Solders, Enajnels, and other Useful 
Rules and Recipes. By Geokge E. Gee, i2mo. . . #t-75 

QEB. — The Silversmith's Handbook : 

Containing full instructions for the Alloying and Working of Silver, 
including the different modes of Refinir- and Melting the Metal ; its 
Solders; the Preparation of Imitation Alloys; Methods of Manipula- 
tion; Prevention of Waste; Instructions fur Improving and Finishing 
the Surface of the Work ; together with other Useful loforaiation and 
Memoranda. By George E. Gee. Illustrated, izmo. S1.75 

GOTHIC ALBUM FOR CABINET-MAKERS : 

Designs for Gothic Furniture. Twenty-three plates. Oblong Jz.OO 

GRANT.— A Handbook on the Teeth of Gears : 
Their Curves, Properties, and Practical Construction. By Georgr 
B.Grant. Illustrated. Third Edition, enlarged. Svo. fl.so 

GREENWOOD.— Steel and Iron : 
Compriung the Practice and Theory of the Several Methods Pur- 
sued in their Manufacture, and of their Treatment in the RoIlhi|^ 
Mills, the Forge, and the Foundry. By WiLLiAM Hekrv GREEN- 
WOOD, F.CS.-'With 97 Diagrams, 536 pages, izmo. $x.ao 
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OREOORY.— MatbeinaticB for Practical Men: 

Adaplcd to the Pursuits of Surveyors, Archilecls, Mechanics, and 
Gvil Engineers, By Olinthus Gregory. 8vo., plates ^3.00 
ORIM SH AW.— SawB : 
The History, Development, Action, Classification, and Comparison 
of Saws of all kinds, tfiti Copious Aff indicts. Giving the detail* 
of ManufacLure, Filing, Setting, Gumming, etc. Care and Use of 
Saws; Tables of Gauges; Capuilies of Saw-Mills; List of Saw- 
Patents, and other valuable information. By ROBERT Grimshaw, 
Second and grent'y enlarged edition, 'uiith Supplattmt, and 354 
Illustrations. Quarto fS-OO 

GRIS WOLD.— Railroad Bngineei's Pocket Companioa for th« 
Field: 

Comprising Rules for Calculating Defleclion Distances and Angles, 
Tangential Disiances and Angles, and all Necessary Tables Tot En- 
gineers; also the Art of Levelling from Preliminary Survey lo ;h« 
Construction of Railroads, intended Expressly for the Young &>■ 
gineer, together with Numerous Valuable Rules and Examples. By 
W. Griswold. i2mo., lucks tI.7S 

4RUNER. — Studies of Blast Pumace Phenomena; 
By M. L. Gruner, President al the General Council of Mines OJ 
France, and lately Profcs-or of Metallurgy at Ihe Ecole des Mines. 
Translated, with the author's sanction, with an Appendix, bj L. D. 
B. Gordon, F. R. S. E., F. G. S. 8vo. . . . fa.sc 

Hand-Book of Useful Tables iat the Lumberman, Fanner and 
Mechanic : 
Containing Accarate Tables of Logs Reduced to Inch Board Meas* 
ure, Ptank, Scantling and Timber Mesi^ure; Wages and Rent, by 
Week or Month; Capacity of Granaries, Bins and Cisterns; Land 
Measure, Interest Tables, with Directions for Finding Ihe Interest on 
any sum at 4, 5, 6, 7 and S per cent., and many other Useful Tables. 
32 mo., board). 1S6 pages .35 

HASERICK.— The Secrets of the Art of Dyeing Wool, Cotton, 
and Linen, 
Including Bleaching and Coloring Wool and Cotton Hosiery and 
Random Varns. A Treaiise based on Economy and Practice. By 
E, C. IIASERICK. lUuitrattd by 323 Dyid PaUtrm of tie Yarm 
(W Fairies. 8vo J7-SO 

HATS AND FELTING : 

A Practical Treaiise on their Mannfactore. By a Practical KaDer. 
Ulostrated by Drawings of Machinery, etc. Svo. . . tl.aj 

HOPPER.— A Practical Treatise on Caoutchouc and Gutu 

Comfsising the Properties of the Raw Materials, and the manner oi 
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ptiof Sabstanccs. Elaslic Tfesues, Ihe Utiliiatior of Waste elc eic 
raper in ail its Branches : 

PaptrM.lb, ,„, Elk,™, M«,l.ri. Illumed b.„o%3" 
8™..g>, >«d five !„,, y„u„g p,„„. ,„.^ ^. ,1^^, ^ 

Be™Es.^Ai;«ic;„ mWi ud Mmmi»hi'. Aiu.tU •'"■" 

uJS^'i"*" '^""'' ""'>•■■■ ""■■■ ■■«■«. 

S Smf*"" '^"™"""°'> Q"™icm. In Hutt'oeomA! 

wich; the Royal Mil.Ury ColWe, Sandhurst; the Indian Civil En. 
SUT,? «''S=.C«.p.f, Hit, Indian P.ilio Work, and 7^ 
S«ph Dspa«n,on,, i Royal M„i„. Li„hl Infantry; ihe Oaford itd 
C«nh„dgo Ujd Eaamtnations, etc. By P. Edwud Ho,.,,^ F. i! 

li^i.'-^u'iZ """»"■" '^"""^=- "'■"»"-'» 3« 
JJ-SO 

JBRV IS.— Railroad Propeny; 

A Treatise on the Conslruciion >nd Management of Railways', 
designed to afford useful knowledge, in [he popular sifle, to Ihe 
holders of Ihis class of property; as well as Railway ManagCMi t^- 
cers, and Agents, By John B. Jervis, lale Civil Engineer of the 
Hudson River Railroad, Croton Aqueduct, etc. i2mo., cloth {l.oc 

KEENE.— A Hand-Book of Practical Gauging: 

For the Use of Beginners, lo which is added a Chapter on KBlilla^ 
tion, describing the proce^^s in operation at the CuMom-House for 
ascertaining the Strength of Wines, By jAMES B. Keene, of H. M. 
Customs. 8»o tf^S 

KELLEY.— Speeches, AddresBca, and Letters on Industrial and 
Financial Questions : 
By Hon, William D, Kellf.y, M. C. 544 pages, 8vo. . tj.oo 

KELLOGG.— A New Monetary System : 

The only means of Securing the respective. Rights of Labor and 
Properly, and of Protecting the Public from Financial Revulsioni. 
By Edward Kellogg. Revised from his work on " Labor and 
other Capital." With numerous additions from his m:>nnecript 
Edited by Maky Krllogo Pittnak. Fifth editioa. To whidi 1* 
adtied a Bit^raphical Sketch of the Author, One volume, lamo. 

Paper cover tixa 

Bound in cloth 1.50 

- - EMLO.— Waich-Repairer'B Mand-Book: 

Being a. Complete Guide to the Young Beginner, in Taking Apart, 
Pulling Tf^ether, and Thoroughly Cleaning the English Leva- and 
other Foreign Watches, and all American Watches. By F. 1Cemli\ 
%'actical mtdunaker. With lUustrations. ismo. . f l.if 
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KENTISH.— A Treatise on a Box of Instniments, 

And the Slide Rule; with the Theory of Trigonometry and Log* 
rithms, including Practical Geometry, Surveying, Measuring of Tiro, 
ber. Cask and Malt Gauging, Heighls, atid Distancei. By ThohaI 
Kbntesh. In one volume. t2mo. ... tl M 

KERL.— The Aaaayer'i Manual: '^ 

An Abridged Treatise on the Docimastic Examination of Ores, and 
Furnace and other Artificial Products. By Kruno Kerl. Professor 
in the Royal School of Mines. Translated from the German hy 
William T. Brannt. Second American edition, edited with Ex- 
tensive Additions by F. Lynwood Garrison, Member of the 
American Institute of Mining Engineera, etc. IUu«r»ted by 87 en- 

granngs. 8»o ^3.00 

KICK.— Flour Manufacture . 

A Treatise on Milling Science and Practice. By FREDERICK KiCK, 

Imperial Regierungstath, Professor of Mechanical Technolt^ in the 

imperial German Polytechnic Institute, Prague. Translated from 

the second enlarged and revised edition with supplement liy H. H. 

P. POWLES, Assoc. Memb. Institution of Civil Engineers. Illustrated 

with iS Plates, and 167 Wood-cuts. 367 pages. 8vo. . f lo.OO 

KINGZETT.— The History, Products, and Processes of the 

Alkali Trade : 

Including the most Recent Improvements. By Charles Thohaii 

KiNGiETT, Consulting Chemist. With 13 il lustrations. Syo, #2.50 

KIRK.— The Founding of Metals: 

A Practical Treatise on the Melting of Iron, with a Description of th« 
Founding of Alloys; also, of all the Metals and Mineral Substanccl 
used in the Art of Founding. Collected from original sources. Bf 
Edward Kirk, Practical Foundryman and Chemist. Illustrated. 

Third edition. 8vo fz.50 

LAMDRIN.— A Treatiae on Steel : 

Comprising its Theory, Metallurgy, Properties, Practical Working, 
and Use. By M. H. C. Landrin, Jr., Civil Engineer. Translated 
from the French, with Notes, by A, A. Fesquet, Chemist and En 
gineer. With an Appendix on the Bessemer and the Martin Pro- 
fanes for Manufacturing Steel, from the Report of Ab"im S. Hewitt 
United States Cumraissloner to the Univcisal Exposition, Paris, 1867. 

ismn 43-OC 

LANGBEIN.- A Complete Treatise on the Electra-Deposition 
of Metals : 
Translated from the German, with Addi^ons, by Wu. T. BrAnkt. 
125 illustrations. Svo h-Oo 



LASDNER.— The Steam-Engine : 
Far fie Use of Banners. Illustrated, lamo. - • - 75 
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LARKIN.— The Praciieai Brass and Ima Pounder's Ouldtti 

A Concise Treatise on Brass Founding, Moulding, the MeUlx and 
theit Alloys, etc.; (o which are added Recent Improvemenu in tb* 
Manufacture of Iron, Steel hy Ihe Bessemer Process, etc., etc ^ 

£>MEs Larkin, bic CondaciOT of tlie Bra&s Foundry DepartroeM U 
eany, Neafie & Co.'s Penn Works, Philadelphia. Filth edidon, 
revised, with extensive additions. l2mo, , , . tl-SJ 

UBROUX.— A Practical Treatise on thg Manubcture oi 
Worsteds and Carded Yams : 
Comprising Practical Mechanics, with Rules and Calculations applied 
to Spinning; Saiting, Cleaning, and Scouring Wouls; the English 
and French Methods of Comhing, Drawing, and Spinning Worsteds, 
and Manufacturing Carded Vnrni. Translated from the French of 
Charles Lekoux, Mcchnnicnl Engineer and Superintendent of s 
Spinning- Mill, by Hokatio Pains, M. D., and A. A. Fesquet, 
Oiemist and Engineer. Illustra.'ed by twelve lai^ Plates. To which 
is added on Appendix, containing Extracts front Ihc Reports of lh« 
International fury, and of the Artisans selected by the Committee 
appointed by tnc Council of Ihe Society of Arts, London, on Woolen 

■ and Worsted Machinery and Fabrics, as exhibited in the Paris Uni. 

' Tcisat Exposition, 1S67, Svo. tS-OO . 

LBFFEL.— The Construction of Milt-Dams : 
Comprising also the Bu'lding of Race and Reservoir Emb:tn1imeiltl 
and Head-Gales, the Measurement of Streams, Gauging of Water 
Supply, etc. By James Leffel & Co. Illustrated by 58 engravings. 
8vo >2.5o 

LESLIE.— Complete Cookery: 
Directiotu for CoolieTy in iti Various Branches. By Miss Lbslil 
Sixtieth ihoBiand. Thi>nnighly revised, with the additioa of Ne* 
Receipts. Izmo. >I,50 

LE van.— The Steam Engine and the Indicator: 
Their Origin and Progressive Developmeni ; including the MoM 
Recent Examples of Steam and Gns Molor^, toi^elher with Ihe Indi- 
cator, its Principles, its Uiilily, and iis Application. By William 
Barnet Le Van. Illustrated liy ao; Engravings, chiefly of Indi- 

calor-Cards. 469 pp. Svo {4.00 

I.1EBBR.— Assayer's Guide : 

Or. Practical Direclions lo Assayers, Miners, and Smelters, for the 
Tests and A-iS-iys. by Heal and by Wel I'roce-se-., lor the Ores of all 
the ]irtncipal Metals, of Gold and Silver Coins and Alloys, and of 
Coal, etc. By Oscar M. LiEFEH. izmo, . . $'■'$ 

Lockwood's EKctionaiy of Terms : 
Used in the Practice of Mechanical Engineering, embracing Ihoie 
Current in the Drawing Office, Pattern Shop, Foundry, Fitting, Turn- 
ing, Smith's and Boiler Sho(», elc, elc, comprising upwards of Six 
Thousand Definitions. Edited by a Forero.in Pattern Maker, author 
i>f ■•Pattern Making." 417 pp. 121)10. . - . . ^3-00 
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C4IKIN.— Amoncst U>chinMi 
EmbncioE Deschptionx of the vuiou* Mechuiical ApfJbnce* tued 
In the Hanufactute of Wood, MeUl, and other Substances, iimo. 

IDKIN.— The Boy Engineers: 
Wlut They Did, and How They Did It. Whll 30 plUes. f8mo. 

»'-75 
LUKIN.— TUe Young Mechanic 1 

Fractical Carpentiy. Con'^iniiig Dircdioiu tat the Vie or all kinds 
of Tooli, and Tor Construction of Steam- Engines and Mechioical 
Models, iocluding the An of Turning in Wood and Metal. By JuHN 
I^TKiN, Author of "The Lathe and lis Uses," etc. Illustrated. 
"mo J1.75 

HAIN and BROWN.— Questiona on Subjects ConnecUd with 

the Marine Stcam-Engine 1 

And Examination Papers; wiih Hints for theii Solution. By 

Thouas J. Main, Professor of Mathematics, Royal "iaval College, 

and Thomas Brown, Chief Engineer, R. N. iimo., cloth . 11.5a 

HAIN and BROWN. — The Indicator and Dynamometer: 
With their Practical Applications to ihe Steam-Engine. By THOMAS 
I. Maim, M. A. F. R., Ass'l S. Professor Royal Naval College, 
Ponsmouth, and Thomas Bbown, Assoc. Inst. C. E., Chief Engineei 
R. N., attached to Ihe R. N. College. llluslrateJ. 8vo. . 11.50 

HAIM and BROWN — The Marine Steam -Engine. 
By Thomas J. Main, F. R. Ass't S. Mathematical Professor nt ihe 
Royal Naval College, Portsmouth, and Thomas Brown, Assoc. 
Idu. C. E., Chief Engineer R. N. Attached to Ihe Royal Naval 
Collie. With numerous illustrations. 8vo. . . fS-Oo 

HAKINS.— A Manual of MeUllurgy: 

By George Hogariii Makins. 100 engravings. Second edition 
rewritten and much enlaced, lamo., 593 pages . ^3-00 

Hart IN.— 8 crew- Cutting Tables, fiar tbe Use of Mecbanical 
Engineers : 
Showing Lhc Pro|>er ArT.iiij,>ement of Wheels for Cutting ihe Threads 
of Screw* of any Required Pitch ; with a Table for Making the Uni- 
versal Gas-Pipe Thread and Taps. By W. .\. Martin, Engineer. 

mCHBul.— Mine Drainage;' 
Being a Compleie and Practical Treatise on Direct-Acting Unde*- 
£Tound Steam Pumping Machinery. With a Description of a larg* 
numbei of the best known Engines, their General Utility and ihe 
Special Sphere of theii Action, Ihe Mode of their Application, and 
Ibeir Menu compared with other Pumping Machinery. By StepHEM 
IflCHBtly Illnslrated by 1 37 engravings. 8vd., 277 pages . (6.00 

VOLESWORTH.— Pocket-Book of Useful PoimDlo: aod 

Memoranda for Civil and Mechanical Engineers. 

By GuiLPORD L. MOLEswORTH, Member of the Insiiiuiioa of Civi? 

Kigiueen, Chief Resident Engineer of the Ceylon Railway. Full' 

beutd ia Pocket-book form ...«•• $l.om 
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MOORE.— Tbe Univeraal AHiaUm and ttw CamplcM M«. 

chanifc: 
Containing over one inillion Industrial Focib, Calculations, Receipt!, 
ProcesKs, Trades Secrets, Rules, Business Foims, Legal Items, Etc, 
in every occapalion, from the HouMrhuld to the Manufactory. By 
R. MooKE. lUuslraled liy 500 Engravings. IZmo, . {2.50 

U0RKI8.— Eaay Rules for the MdaBUiement of Eartbwarlcs 1 
By means of the Pri^moidal Formula. Illustrated with Numeroui 
Wood-Cuts, Problem.', and Examples, and concluded by an Exten. 
»ive Table for finding the Sulidity in cubic yards from Mean Areas, 
The whole t>eing adapted for convenient use by Engineers, Surveyors, 
Contractors, and others needing Correct Measurements of Earthwork. 
By ET.Wf>on MoBHis, C. E. Bvd ^1.50 

HORTON.— The System of Calculating Diameter, Circoinfeiw 

ence. Area, and Squaring tbe Circle; 

Together with Interest and Miscellaneous Tables, and other inlorma- 

tion. By James Morton. Second Edition, enlarged, with the 

Metric System. l2mo (l.Oil 

NAPIER.— Manual of Electro -HetaIIu^r= 
Including the Application of the Art to Manufaattring Processe*, 
By James Napibr. Fourth American, from the Fourth Londoh 
editiun, revised and enlarged. Illustrated by engravings. Svo. 

NAPIER.— A System of Chemistry Applied to Dyeing. 

By Jambs NaPIEB, F. C. S. A New and Thoroughly Revised Edi- 
tion. Completely brought up to the yireaent state of the Science, 
including the Chemistry of Coal Tar 'Colors, by A. A. Fesqoet, 
Chemist and Engineer. With an Appendix on Dyeing and Ca'ico 
Printing, as shown at the Universal Exposition, Pari4, 1867. Illus 
trated. Svo. 423 pages $3'50 

NEVILLE.— Hydraulic Tables, Coefficients, and FormuUe, fat 
finding the Discharge of Water frtnn Orifices, Notches, 
Weirs, Pipes, and Rivers: 
Third Edition, with Additions, consisting of New Formnlse for the 
Dischajge from Tidal and Flood Sluices and Siphons; general infor- 
mation nn Rainfall, Cat rh men t- Basins. Draina^, Sewerage, Wa;e( 
Supply for Towns and Mill Power, By Iohn Neville, C. E. M R 
1. A. i Fellow of the Royal Geological Society of Ireland. Thick 
"2mo »5-S0 

NBWBERY.—Gleaninga ftom Ornamental Art of every 
styles 
Drawn from Examples in the British, South Kensington, Indian, 
Cryslal Palace, and other Museums, the Exhibitions of iSjI and 
1863, and the best English and Kotcign worlis. In a series of too 
exquisitely drawn Plates, containing many hundred examples. B« 

Robert Newberv. 41a. ttia.jo 

VICMOLLS. -The Theoretical and Practical BoUer-Haker and 
Engineer's Reference Book: 
Containing a variety of I'seful Information for Employers of Labor 
Foremen and Working Boiler- Makers. Irc«i, Copper, and TitisTJtha 
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DranghMnen, Engineers, the General Steam using Public, and fw t)w 
Use of Science Schools and Classes. By SAMUEL N:CHOLLs. ]llu» 
Itated by sixteen plaies, i2ino. (2-50 

NICHOLSON.— A Maoual of the Art of Bookbinding: 
CoDtaining full instTuctions in the different Branches of Forwarding, 
Gilding, and Fini<ihing. Also, the Art of Marbling Book-edges and 
Paper. By James B. Nicholson. Illustrated. lamo., cloth fz.zs 

HICOLLS.— The Railway Builder: 
A Hand-Book for Estinnating the Probable Cost of American Rail- 
way Construction and Equipment. By William J. Nicolls, Civil 
Engineer. Illustrated, [nil bound, pockel-book form , |z.oo 

NORMANDY.— Tbe Commercial Handbook of Chemical An> 

Or Practical Instructions for the Determination of the Intrinac t» 
Commercial Value of Substances used in Manufactures, in Trades, 
and in the Arts. By A. Normandv. New Edition, Enlarged, and 
to a great extent rewritten. By Henhv M. Noad, Ph.D., F.R.S., 

thick izmo J5.00 

NORRIS.—A Handbook fcr Locomotive Engineers and Ma- 
chinists : 

Comprising the Proportions and Calculalions for Constructing Loco- 
motives ; Manner of Setting Valves ; Tables of Squares, Cubes, Areas, 
etc., etc. By Septimus Norris, M. E. New edition. Illustrated, 
timo fi-So 

HYSTRO H.—A New Treatise on Elementa of Mechanics : 
Establishing Strict Precision in the Meaning of Dynamical Terms: 
accoicpanied with an Appendix on Duodena] Arithmetic and Me- 
trology. By John W, Nystrom, C. E. Illustrated. Svo. Ja.oe 

RVSTROM. — On Technological Education and the Construc- 
tion of Ships and Screw Propellers: 
Foe Navai and Marine Engineers. By John W. KystBOM, laW 
Acting Chief Engineer, U. S. N. Second edition, revised, with addi- 
tional matter. Illustrated by seven engravings. i2mo. . £1.511 

9'NEILL. — A Dictionary of Dyeing and Calico Printing : 
Containing a brief account of all (he Substances and Processes In 
use in the Arfof Dyeing and Printing Textile Fabrics ; with Practical 
Recei|it5 and Scientific Information. By Charles O'Neill, Analy. 
Ileal Chemist. T.. tthich is added an Es-ay on Coal Tar Colors and 
their application lo Dyeing and Calico Printing. By A. A. Ffsqukt, 
Chemist and Engineer, With an appendix on Dyeing and Caiic-j 
Printing, as shown a) the Universal Exposition, Paris, 1867. 8vo.. 
491 pages . . J3.50 

DRTON. — Underground Treastires'. 
How and Where to Find Them. A Key for the Ready Determination 
of all the Useful Minerals wilhiu the United Stales. By jAUEa 
Orton, A.m., Late Professor of Natural History in Vassar College, 
M. Y,; Cor, Mem. of the Academy of Natural Sciences, Philadelphia, 
and of the Lyceum of Natural History, New York; author of the 
" Andes and the Amazon," etc. A New Edition, with Additions. 
[Uusirated , |k-59 
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OSBORN.— The Prospector's Field Book and Guide; 

In the Search for and the Easy Determination of Ores and Other 
Useful Minerals, By Prof. H. S. OsBORN, LL. D., Author of 
"The Meiallurey of Iron and Steel;" "A Practical Manual of 
Minerals, Mines, and Mining." Illustrated by 44 Engravings. 
'2n«>- ■ «1.50 

OSBORtr.— A Piaclical Manual of Minerals, Minek and Min- 
ing: 
Comprising the Physical Properties, Geologic PoHlions, Local Occur- 
rence and Associations of the Useful Minerals; their Methods of 
Chemical Analysis and Assay; together with Various Systems of 
Excivaling and Timbering, Biick and Mnsonry Work, during Driv- 
ing. Lining, Bracing and other 0]>erati<ins, etc. By Prof. H. S. 
OsBORN, LL. D., Author of the " Metallurey of Iron and Steel." 
Illustrated by 171 engravings from original drawings. 8vo. ^50 

UVEKHAN.— The Manufacture of Steel : 
Containing the Practice and Principles of Working and Making Sleet. 
A Handbook for Blacksmiths and Workers in Steel and Iron. Wagon 
Makeis, Die Knkerl, Culleis, and Manufacturers of Files and Hard- 
ware, of Sli^el and Iron, and for Men of Science and Art. By 
1''bederick Overman, Mining Engineer, Author of the " Manu- 
facture of I(On," etc. A new, enlarged, and revised Edition. By 
A. A. Fesquct. Chemist and Engineer, umo. . , 81.50 

OVERMAN.~The Moulder's and Founder's Pocket Quide .- 
A Treatise OFii Moulding and Founding in Green-sand. Dty-sand, Loam, 
and Cement; the Moulding of Macliine Frames, Mill-aear, Hollow- 
ware, Onaments, Trinkets, Bells, and Statues ; Description of Moulds 
for Iron, Brcnie, Brass, and other Metals; Plaster of Paris, Salphur. 
Wan, etc. ; the Construction of Melting Furnaces, the Melting and 
Founding of Melals; the Composilirm of Alloys and their Nature, 
etc., etc. By. Frederick Overman, M. E. A new Edition, to 
which is added a Supplement on Statuary and Ornamental Moulding, 
Ordnance. Malleable Iron Ca.slingB, etc By A. A. Fesquet, Chem- 
ist and Enpneer. Illustrated by 44 engravings. l2mo. . |Z.OK 

PAINTER, OILDER, AND VARNISHBR'S COMPANION'/ 
Containing Rules and Regulations in everything relating to the Ailf 
of Painting. Gilding, Varnishing, Glass-Slainini;, Graining, Marbling^ 
Sign- Writing, Gilding on Glass, and Coach Painting and Varnishing t 
Tests for the Deteciion pf Adulterations in Oils, Colore, etc. ; and s 
Statement of the Diseases to which Palmers are peculiarly liable, with 
the Simplest and Best Remedies. Sixteenth Edition. Revised, with 
an Af^ndix. Containing Colofs and Coloring — Theoretical aiui 
Practical. Comprising descriptions of a great variety of Addition^ 
Pigments, their Qualities and Uses, to which are added. Dryers, and 
Modes and Operations of Painting, etc. Together with Chevreurf 
Principles of Harmony and Contrast of Colors. i2mD. Cloth (1.51 

PALLETT.— The Miller's, Millwri^ht'E, and Enginmr'e Guide; 
' By IIknry Pali.ett. Illustrated. i2mo. . , . fzjio 
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PERCY. — The Muinfacture of Ruesiati Sheet-Inm. 
bj John Percy, M.D., F.R.S., Leciurer on Melalluigy at tb« 
Royal School of Mines, and lo The Advance Class of Anillery 
Officers at the Royal Artillciy InstUulion, Woolwich; Author of 
'• Metallurgy." With Illustrations. 8vo., paper . , 50 ct». 

PERKINS.— Gas and Ventilation : 
Practical Treatise on Ga:^ and Ventilation. With Special RelatioM 
to Illuminating, Hc!LLin|i, and Cooking by Gas. Including Scienlilio 
Helps to Engineer-sludenls and others. With Illustrated Diagrams. 
By E, E. Perkins, ismo., cloth fi.zS 

PERKINS AND STOWE.— A New Guide to the Sbeet'iron 
and Boiler Plate Roller : 
Containing a Series of Tables showing the Weight of Slabs and Pitei 
lo Produce Boiler Plates, and of the Weight of Piles and the Sizes of 
Bars to produce Sheet-iron; the Thickness of the Bar Gaug* 
in decimals ; the Weight per foot, and the Thickness on the Bar ot 
Wire Gauge of the fractional parts of an inch; the Weight per 
sheet, and the Thickness on the Wire Gauge of Sheet-iron of varioui 
dimensions to weigh 112 lbs. per bundle; and ibe convei'sion of 
Short Weight into Long Weight, and Long Weight into Short. 
Estimated and collected by G. H. Perkins and J. G. Stowe. (a.ja 

POWELL— CHANCE— HARRIS.— The Principles of GUas 

By Harry J. Powell, B. A. Together with Treatises on Crown and 
Sheet Glass; by Henry Chance, M. A. And Plate Clan, by H. 
G. Harris, Aeso. M. Inst. C. E. Illustrated iSmo. . {1.50 

PROCTOR.— A Packet-Book of Useful Tables and PormuUe 
for Marine Engineers : 
By Frank Proctor. Second Edition, Revised and Enlarged. 
Full-bound pocket-book form fl-S* 

RE ON A ULT.— Elements of Chemistry: 
By M. V. Regnault. Translated from the French by T. Forrest 
Betton, M. D., and edited, with Notes, by James C. Booth, Melter 
and Refiner U. S. Mint, and William L. Faber, MeUllurgist and 
Mining Engineer. Illustrated by nearly 70a wood -engravings. Com- 
prising nearly 1,500 pages. In two volumes, Svo., cloth . (7.50 

RICHARDS.— Aluminium 1 
Its History, Occurrence, Properties, Metallurgy and Applications, 
including its Alloys. By Joseph W. Richards, A. C, Chemist and 
Practical Metallurgist, Member of the Deutsche Chemische Gesell- 
5ch<-ill. Illustrated f5.00 

RIFFAULT, VERGNAUD. and TOUSSAINT.— A Pr«ctie«l 
Treatise on the Manufacture of Colors for Painting: 
Comprising the Origin, Definition, and Classificnlion of Colon; the 
Ti;^atment of the Raw Materials ; the best Formula and the NeveS 
Processes for the Preparation of every description of Pigment, and 
the Necessary Apparatus and Directions for its Use; Dryen; lb* 
Testing. Application, and Qualities o( Painls, etc., etc. By MM. 
RiCFAULT, Vergnaud, and "Joussaint. Revised and Edited by M. 
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T. Halepeyik. TramlUcd from the French, by A. A. FtSQtK^ 
Chemist and Engineer. Illustrated by Eighty engravings. In em 

vol., 8vo., 659 pages t7-SO 

tOPER.— A Cntechnm of High-PresBure, or Non-Condensing 
Steam- EtiKinca : 

Including the Modelling, Conttructing, and Management of Steanv 
"Engines and Steam Boilers. With valuable illustrations. By Sti- 
PHEN Roper, Engineer. Sixteenth edition, revised and enlarged. 

i8m«., tucks, gilt edge $2joa 

80PER.— Engincer'B Handy-Book: 
Containing a full Explanation of the Steam-Engine Indicator, and ita 
Use and Advanti^es to Engineers and Steam Users. With Formula* 
for Estimating the Power of all Classes of S team-Engines ; als>.. 
Facts, figures. Questions, and Tables for Engineers who wish to 

analify themselves for the United Stales Navy, the Revenue Service, 
le Mercantile Marine, or to lake chai^ of the Better Class of Sta- 
tionary Steam-Enginei. Sixth edition. l6mo.. 690 page*, lucka, 

-gilt edge 13.5a 

ROPER. — Hand-Book of I.and and Marine Engines : 
Including the Modelling, Conslructinn, Running, and Management 
of Lani" and Marine Engines and Boilers. With illustrations. By 
Stephen Roper, Engineer. Sixth edition, i3rao.,tt'clts, gilt edge. 

ROPBR.~Hand-Book of the Locomotive : 

.Including the Construction of Engines and Boilers, and iheComtnic- 
lion. Management, and Running of Locomotives. By StKFHeM 
Roper. Eleventh edition. iSmo., tucks, gilt edge . fi.ja 

ROPER.— Hand-Book of Modem Steam Fire-Ei^nea. 

With illustrations. By STEPHEN Ropem, Engineer. Fourth editioB, 
' iimo., tucks, gilt edge f 3.50 

ROPER, — Qnestiona and Answers for Engineers. 
This little book contains all the Questions that Engineers will 'be 
asked when undergoing an Examination for the purpose of procarii^ 
Licenses, and they are so plain thai any Engineer or Fireman of or- 
dinary intelligence maycomnnil them to memory in a short time. By 
Stephen Roper, Engineer. Third edition , . . #3.00 

BOPER.~Uae and Abnse of the Steam Boiler. 

By Stephen Rofer, Engineer. Eighth ediuon, with illustration*, 
lEmo., tucks, gill edge $a.oo 

ROSE.— The Complete Practical Machinist: 

Embracing Lathe Work, Vise Work, Drills and Drilling, TaM and 
Dies, Hardening and Tempering, the M^ing and Use of ToolV 
Tool Grinding, Marking out Work, etc. By Joshua R<^e. Illus- 
trated by 356 engravings. Thirteenth edition, thoroughly teriseiP 
and in great part rewritten. In one vol., tamo., 439 page* $2.iv 

> OS E.— Mechanical Drawing Self- Taught: 
Comprising Instructions in the Selection and Preparation of Drawing 
In^ruments. Elementary Instruction in Practical Medianical Draw- 
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ing, together with Examples in Simple Geometry and Elementaiy 
Mechanism, including Screw Threads, Gbm- Wheels, Mechanical 
Molions, Engines and Boilers. By Joshua Rose, M. E. Illuslratcc) 
by 330 engravings. ' 8vo | 3 1 3 pages '. . . . ^.CK) 

KOSE.— The Slide- Valve Practically Explained: 

EmlHaeing simple and complete Practical Demonstrations of th. 
operation of each element in a Slide-valve Movement, and illustrat' 
iog the effects of Variations in their Proportions by examples care. 
fut!y selected from the most recent and' successful practice. Bj 
Joshua Rose.'M. E. Illustrated by 35 engravings . Ji.co 

ROS3. — The Blowpipe in Ch^istty, Mineralogy and Oeology : 
Containing all Known Methods of Anhydrous Aoalyws, many Work- 
ing Examples, and Instruct ions for Making Apparatus. Ily Lieut.- 
CoiX)NEL W. A. Ross, R. A., F. G. S. WUh lao Illuslratious, 
tiiBo #2.00 

BH AW.— Civil Architecture : 
Being a Complete Theoretical and Practical System of Building, con- 
taining the Fundamental Principles of the. Art. . By Edward ShaW, 
Architect. To which is added a Treatise on Gothic Architecture, etc.- 
By Thomas W. S[Lix>WAy and George M. Harding, Architects. 
The whole illu^rated by 102 quarto plates iinely engraved on copper. 
Eleventh edition. 4)0 {lo.oa 

SHUNK.— A Practical Treatise on Railway Curves and Loca- 
tion, for Young Engineers. 
By W. F. Shunk, C. E. i2mo. Full bound pocket-book form fa.oa 

SLATER.— The Manual of Colors and Dye Wares. 
By J. W. Slatek. i2mo #3.75 , 

SLOAN. — American Houses; 

A variety of Original Desif.Tis for Rural Buildings. Illnstraled by 
26 colored engravings, wiih descriptive references. By Samuel 
SixtAN, Architect. Svo. f i-So 

SLOAN. — Homestead Architecture: 

Containing Forty Designs for Villas, Cottages, and Farm-houses, with 
Essiys on Style, Construction, Landscape Gardening, Furniture, etc., 
etc. Illustrated by upwards of 200 engravings. By Samuel SLOaH, 
Architect. Svo f3-50 

SLOANE. —Home Experiments in Science. 

By T. O-CoNfiR Sr.OANF, E. M., A.M.; Ph.D. Illustrated by 91 
engravings, iimo J1.50 ■ 

SM EATON.— Builder's Pocket- Companion : 
Containing the Elements of Building, Surveying, and Architecture; 
with Practical Rules and Instructions connected with the subject. 
By A. C. Smeatom, Civil Engineer, etc. i2mo. . . Ji-so 

SMITH.- A Manual of Political Economy. 
. By E. Peshinb Smith, a New Edition, to which is added a full 
Index. i2mo . fi Ij 
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SMITH.— Parks and Pleasure -GronBds : 

Or Piaclii:a.l Notes on Caunlry Residences, Villas, Public Parks, ami 
Gardens. By Charles H. J. Suitk, Landscape Gardener and 
Garden Archilecl, elc., elc. I2mo. .... {2.00 

SMITH.— The. Dyer's Instructor: 
Compri^ng Practical Instructions in the Ail of Dyeing Silk, Cotton, 
Wool, and Worsted, and Woolen Goods; containing nearly Son 
Receipts. To which is added a Treatise on the Art of Padding; ami 
the Printing of Silk Warps, Skeias, and Handkerchiefs, and Iha 
various Mordants and Colors for the different styles of such work. 
By David Smith, Pattern Dyer, izino. . . fz.oo 

SMYTH.— A Ruditnentaiy Trektise on Coal and Coal-Mioing. 
By Warrington W. Smyth, M, A., F. R. G., President R. G. S, 
of Cornwall. Fifth edition, revised and corrected. With numer- 
ous illustrations. l2mo. C'-ZS 

SNIVELY.— Tables for Systematic Qualitative Chemical Anal, 
ysis. 
Ry John H. SmvELV, Phr. D. 8vo. . . . . |i.oo 

SNIVEL Y.— The Elements of Systematic Qtialitative Chemica] 
. Analysis : 

A Hand-book for Beginners. By John H. Snively, Phr. D. i6nio.. 

«3.oo 

STEWART.— The American System ; 

Speeches on the Tariff Question, and on Internal Improvements, 
principally delivered in the House of Representatives of the United 
Stales. By Andrew Stewart, late M. C. from Pennsylvania. 
With a Portrait, and a Biographical Sketch. 8vo. . . I3.00 

STOKES.— The Cablnei-Maker and Upholsterer's Companion t 
Comprising (he Aa of Drawing, as applicable to Cabinet Work ; 
Veneering, Inlaying, and Buhl- Work ; the Art of Dyeing and Stain- 
ing Wood, Ivory, Bone, Tortoise-Shell, etc. Directions for Lacker- 
ing, Japanning, and V'rnishin^; lo make French Polish, Gtuea. 
Cements, and Compos'.!' he; with numerous Receipts, useful to work 
men generally. B>- oTOKES. Illusiraied. A New Edition, with 
an Appendix upor ,ench Polishing, Staining, Imitating, Varnishing, 

STRENGTH' AND OTHER PROPERTIES OF METALf'; 
Reports of Expenmenls on Ihe Strength and other Properties of 
Metals for Cannon. Wilh a Descripitiori of the Machines for Testing 
Metals, and of the Classification of Cannon in service. By Oflicen 
of the Ordnance Department, U. S. Army. By authority of the Secr» 
laryofWar. Illustratedby 35 large steel plales. Quartb . flo.O<> 

SULLIVAN.— Protection to Native Industry. 
By Sir Edwakd Sullivan, Baronet, author of "Ten Chapter* an 
Social Reforms." 8vo Ji.jff 

SULZ.— A Treatise on Beverages: 

Or the Complete Practienl Bottler. Full instructions for Laboratory 
Work, with Original Practical Recipes for all kinds of Carlmnated 
Drinks, Mineral Waters, Flavorings, Extracts. Sympt, etc. By 
Chas Herman Sulz, Technical Chemist and Practiral Boliler 
Illustrated by 428 Engravings. 8i3 pp, ^vo. . . |iaoo 
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SYME.— OutUnea of an Indnatrial Science. 
By David Symb. i2ma . . ... <*.o» 

TABLES SHOWING THE WEIGHT OP ROUND, 
SQUARE, AND FLAT BAR IRON, STEEL, ETC., 
By Measurement. Cloih 63., 

rAYLOR.— Statistics of Coal : 
Including Mineral Bituminous Substances employed in Arts and 
Manufactures ; with their Geographical, Geological, and Commercial 
Distribution and Amount of Production and Consumption on the 
American Continent. With Incidental Stalislics of the Iron Manu- 
factors. By R. C. Taylok. Second edition, revised by S. S. Haldb- 
MAH. Iliustratnl by live Maps and many wood engravings. Svo., 
cloth {laoo 

TEMPLETON.— The Practical Bxaniaatar on Steam and the 
Steant-Engine : 
With Instruclive References relative thereto, arranged for the Use of 
Engineers, Students, and others. By William Tghfleton, En- 
gineer. i2mo $t-ii 

THAUSING.— The Theory and Practice of the Preparatton of 
Halt and the Fabrication of Beer; 
With especial reference to ihe Vienna Process of Brewing. Elab- 
orated from persona! experience by JtlLlus E. THAtlsiNG, Professor 
al the School for Brewers, and al the Agricultural Institute, MOdling, 
near Vienna. Translated from the German by WtLLIAU T. Bkannt, 
Thoroughly and elaborately edited, with much American matter, and 
according to the latest and most Scientific Practice, by A. SCHWAFZ 
and Dr. A. H. Bauelr. Illustrated by 140 Engravings, 8vo., 8i<i 
P»ges fio,ob 

THOMAS.— The Modem Practice of Photography: 
By R. W. Thomas, F. C. S. 8vo. .... 75 

THOMPSON.— Political Economy. With Especial Reference 
to the Industrial History of Nations : 
By Robert E. Thompson, M. A., Professor of Sodal Science In the 
University of Pennsylvania. l2mo. .... tl.50 

, THOMSON.— Freight ChargcB Calculator: 

By Andrew Thomson, Freight Agent. i(iiio, , . it.x$ 
URNER'S (THE) COMPANION: 

Containing Instruclions in Concentric, Elliptic, and Eccentric Turn. 
itig; also various Plates of Chucks. TodIs, and Jnstrumenis; and 
Uiredions for using the Eccentric Cuttei, Drill, Vertical Cutter, and 
Circular Rest; with Patterns and Instructions for working them 

i^° t*-'S 

TURNING : Specimens of Fancy Tumin^ Executed on the 
Handor Foot-Lathe: 

With Geometric, Oval, and Eccentric Chucks, and Elliptical Cutting 
Frame. By an Amateur. Illustrated by 30 exquisite Photographs. 
4to $3.00 

ITRBIN— BRULL.— A Practical Guide fbr Puddling Iron ani 
Steel. 
By Eo. Ukbin, Engineer of Arts and Manufactures. A Ptiie EssaTi 
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read before ihe Asiocialion of Engineers, Graduate of Ihe School of 
Mines, of Liege, Belgium, at the Heeling of 1865-6. To which i* 
added A Comparison Of the Resisting Properties of Ikqn akd 
Steel. By A. Brull. Translated f?oni the French by A. A. Fe*- 
qUET, Chemist and Engineer. Svo. . . . ^1 .00 

VAILE.— Galvanized- Iron Cornice- Worker'a Manual: 
Containing Instructions in Laying out Ihe Difierent Mitrei, and 
Making Patterns for all kinds of Plain and Circolar WoA. Also, 
Tables of Weights, Areas and Circa niferences of Circles, and other 
Matter calculated (o Benefit the Trade. By Charles A. Vaiie. 
Illustrated by twenty-one plates, 4to JS'x' 

fILLE.— On Artidcial Manures: 
Their Chemical Selection and Scientific Application to Agriculture. 
A series of Lectures given al the Experimental Foim at Vincennes, 
during 1867 and 1874-75. By M. Georges Ville. Translated and 
Edited by William Crookes, F. R. S. Illustrated by thirty-one 
engravings. 8vo., 450 pages tSxxi 

nLLB. — Th« School of Chemical Manures ; 
Or, Elementary Principles in Ihe Use of Fertiliring Agents. From 
the French of M. Geo. Ville, by A. A. Fesquet, Chemist and En- 
gineer. With Illustrations. l2mo. .... f 1.35 

WQODES. — The Architect's and Builder's Pocket-Companion 
and Price- Book : 
Consisting of a Short but Comprehensive Epitome of Decimals, Duo- 
decimals, Geometry and Mensuration ; with Tables of United Stales 
Measures, Sizes, Weights, Slrenglhs. etc., of Iron, Wood, Stone, 
Brick, Cement and Concretes, Quantities of Materials in given Siies 
and Dimensions of Wood, Brick and Stone; and full and complete 
Bills of Prices for Carpenter's Work and Painting; also, Rules for 
Computing and Valuing Brick and Brick Work, Stone Work, Paint- 
ing, PlH.slering, with a Vocabulary of Technical Terms, etc. By 
Frank W. Vogues, Architect, Indianapolis, Ind. Enlarged, revised, 
and corrected. In one volume, 36S pages, full-bound, pocket-book 

forai, gilt edges . (2.0a 

Cloth . . 1.54 

fTAHL. — Qalvanoplasdc Manipulations : 
A Practical Guide lor the Gold and Silver Electro^aterand tne Gat- 
vanoplastic Operator, Comprising the Electro -Deposition of all 
Metals by means of the Battery and the Dynamo- Electric Machine, 
as well as the roost approved Processfs of Deposition by Simple Im- 
mer^on. with Descriptions of Apparatus, Chemical Products employed 
in the An, etc. Based largely on the '■ Manipulations Hydr<^ai- 
tiqaes" of Alfred Roseleur. By William H. Wahl, Ph. D, 
( Hrid}, Secietaiy of the Franklin Institute. Illustrated by 189 ec . 
gravli^. 8*0., 656 pages 

WALTON.— Coal-Mining Described and lUustrated: 
By Thomas H. Walton, Mining Engineer. Illustrated I7 34 larp 
and elaborate Plates, after Actual Workings and Apparatus. Js-Oo 
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WARE.— The Sugar Beet. 

\ Including a Hisiory of the Beel Sugar Industry in Europe, Virietia 
of Ihe Sugar Beet, E;( animation, Soils, Tillage, Seeds and &ovrin(^ 
Yield and Cost of Cultivation, Marvesting, Transportation, Conserva- 



Illustrated by ninety engravings. 



(4-00 



WARN.— The Sheet-Metal Worker's Instructoi: 
For Zinc, Sheet-Iron, Copper, and Tin-Pkie Workers, etc Contain- 
ing a selection o( Geometrical P^o^'ems; also, Practical and Simple 
Rules for Describing the various Patterns required in the different 
branches of ilie above Trades. By Reuben H. Warn, Practice 
Tin-Plale. Worker. To which is added an Appendix, containing 
Instructions for Boiler- Making, Mensuration of Surfaces and Solids, 
kules for Calculatitig the Weiplila of different Figures of Iron and 
Steel, Tables oF the Weights of Iron, Steel, etc. Illustrated by thirty- 
two Plates and thirty-seven Wood Engravings. Svo. , ^3.00 
VARNER,— New Theorems, Tables, and Diagrams, for the 
Computation of Earth-work; 
Designed for the use of Engineers in IVelimi nary and Final Estimates. 
of Students in. En^ineeiin^;. and of Contractors and other non-profes- 
sional Computets. In two parts, with an Appendix. Part I. A Prac- 
tical Treatise; Part II. A Theoretical Treatise, and the Appen<i!X. 
Containing Notes to the Rules and Enamples of Part I.; Explana- 
tions of the Constmclion of Scales, Tables, and Diagrams, and a 
Treatise upon Equivalent Square Bases and Equivalent Level Heights. 
The whole illustrated by numerous original engravings, comprising 
explanatory cuts for Definitions and Problem's, Stereometric Scales 
and Diagrams, and a scries of Lithographic Drawings from Model* 1 
Showing all the Combinations of Solid Forms which occur in Railroad 
Excavations and Embankments. By John Warner, A. M., Mining 
and Mechanical Engineer. Illustrated by 14 Plates. A new, revi»ea 
and improved edition. Svo $4-00 

WATSON.— A Mftnual'Of the Hand-Lathe : 
Comprising Concise Directions for Working Metals of all kinds. 
Ivory, Bone and Precious Woods; Dyeing, Coloring, and French 
Polishing:. Inlaying by Veneers, and various methods practised to 
produce Elaborate work with Dispatch, and at Small Expense, By 
Egbert p. Watson, Author of " The Modern Practice of American 
Machinists and Engineers." Illustrated by 78 engravings. tl.50 

WATSON.— The Modern Practice of Atnericon Machinists and 
Engineers : 
Including the Construction, Appticalinn, and Use of Drills, Latii« 
Tools, Cullers for Boring Cylinders, and Hollow-work generallj, with 
die most Economical Speed for the same ; the Results verified by 
Actual Practice at the Lathe, the Vise, and on the Floor. Togetii* 
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with Workalvip Management, Economy of Manufacture, the Steam- 
Engine, Boilcn, Gears, Deliing, etc., etc. By Egbert F. Watson. 
Illustrated by eighly-six engravings, ijtno. . . . (2.5C 

BTATSON,— The Theory and Practice of the Art of Weaving 
by Hand and Power - 
With CaJculalions and Tables for llie Use of Ihose Connected with the 
Trade. By JOHN Watson, Manufaciurer and Praclical Machine- 

. Maker. Illustrated by large Dra\vi/igs of the best- Power Looms. 
8vo. ,..■■■■--■ ?7-SO 

WATT.— The Art of Soap Making : 
A Praciicat Hand-book of the Maiiufacluie of Hard and Soft Soaps, 
Toilet Soaps, etc., including many New Pijcesses, and a Chapter on 
the Recovery of Glycerine from Wuscc Leys. By ALEXANDER 
Watt. 111. i2mo. . ... . . . . ^3,00 

WEATHERLY.— Treatise on the Art of Boiling Sugv, Ciys- 
lallizing, Lozenge -making, Comfits, Gum Goods, 
And other processes for Confectionery, etc., in which are explained, 
in an easy and familiar manner, the various Methods of Manufactur 
il^; every Description of Kannrand-ReMed Sugar Goods, as sold by 
ConfectioBers and others; ismo. ■.'.■. . . Jl-S* 

WIOHTWICK.— Hints to Young Architects) 
Comprismg Advice to those, who, while yet at school, are deUlned 
to the Profession; to such as, having passed Iheit pupilage, are abort 
to (ravel ; and to those who, having completed their education, are 
about to practise. Tt^elher with a Model Specification involvitg a 
great vanety' of instructive and suggestive matter. By G£0RGB 
WiGKTWiCK, Architect, A tiew edition, revised and consideralit; 

.. enlarged; comprising Treatises on the Principles of CoiiBlrudioD 
wid Design. By G. Huskisson Gt;iLi.AimE, Architect. Numerom 
Ulastrations. Onevol. izmo ^2.00 

tnLU— Tables of QualiUtire Chemical Analj'sls. 

- With an Introductory Chapter on the Course of Analysis. By Pra- 
■ fessor Heinkich Will, of Giessen, Germany. Third American, 
. from the eleventh German edition. Edited by Charles F. Himes 
Ph. D., Professor of N.itural Science, Dickinson College, CarlLile, Pa 
. s™. - . ■ (.-S^' 

WILLIAMS.— On Heat and Steam : 
Embracing New Vitus cif Vapurizalion, Cnndensation, and Ex[.!t> 
sion. By Chari.es Wye Williams, A. L, C. E. Illustrated 8vo. 

WILSON.— A Treatise on Steam Boilers : 

Their Strength, Construction, and Economical Working. By RoBERt 

Wilson. Illustrated izmo $2xc 

WILSON.— First Principles of Political Economy: 
With Reference to Statesmanship an<i the Progress of CiviUzalion. 
By Professor W,. 1>, .Wilson, of the Cornell University. A new and 
tevised edition, izmo . . fli.5o 



:,q,t,=cdbvGoOg[c 



HENRY CA'^EY BAIRD & CO.'S CATALOGUE. 



WOHLER.— A Hand-Book of Mineral Analysis i 

By F. W6HLER, Professor of Chemistry in the University of GOttin- 
gen. Edited by Henry B. Nason, Professor of Chemistry in the 
Kenssalaer Polytechnic Imtitute, Troy, New York. llluBtrUed. 

WORSSAM.— On Mechanical Sawa: 

From Ihe Tranaiclions of the Society trf Engineer*, 1869. By S. W, 
WoKSSAu, Jk. lUnstrated by eighteen large plates. Svo. $i.SO 



RECENT ADDITIONS. 

ANDERSON.— The Prospector's Band-Book: 

A Guide for llie Prospector and Traveler in Search of Metal Bearing 
or other Valuable Minerals. By J. W. Andb&sok. 52 Illustralions. 
tamo >i-50 

BEAUMONT.— Woollen and Worsted Cloth Manufactuie: 
Being a Practical Treatise for the use of atl persons employed in the 
manipulation of Textile Fabrics. By Robert Beaumont, M. S. A. 
With ovei 200 illustratiuni, including Sketches of Machinery, 
Designs, Cloths, etc. 391 pp. izmo 22.5c 

BRANNT.— The Metallic Alloys ; 

A l-raclical Guide for the Manufacture of all kinds of Alloys, Amal- 
gams and Solders used by Metal Workers, especially by Bell Founders, 
Bronze Workers, Tinsmiths, Gold and Silver Workers, Dentists, etc., 
etc., as well as their Chemical and Physical Properties. Edited 
chiefly from the German of A. Krupp and Andreas Wildberger, with 
additions by Wm. T. Brannt. lllusiraied, izmo. $3-°o 

BRANNT. — A Practical Treatise on the Mapufacture of Vine- 
gar and Acetates, Cider, and Fruit- Wines ; 
Preservation of Fruits and Vegetables by Canning and Evaporation ; 
Preparation of Fntit-ltuttei?, Jellies, Marmnlailes, Catchups, Pickles, 
Mustards, etc. Edited from various sources. By William T. 
bRANNT. Illustrateii by 79 Engraving:*. 479 pp. Svo. ^5.00 

BRANNT.— The Metal Worker's Handy-Book of Receipts 
and Processes : 
Being a Collection of Cliemical Formulas and Practical Manipul.-i- 
tion« for the worliing of all Metals ; including the Decoration and 
Beautilying of Articles Manufactured therefrom, as well as their 
Preservation. Edited from various sources. By William T. 
Brannt. lllusuated. izmo. #3.50 



:,q,t,=cdbvGoOgle 



HSHRV CAREY BAIRD ft OO.'S CATALOGUB, 31 

OAVIS— A Practical Treatlae on tbe Mannfactiue of Bricka, 
Tilca« Terra-Cotla, etc. : 
Including Hand-Made, Dry Clay, Tempered Clay, SofUMud, and 
Stiff-Clay Bricks, also Front, Hand-Pressed, Stenm- Pressed, Re- 
pressed, Ornamentally Shaped and Enamelled Brickti, Drain Tilet, 
Slr^hi and Curved Sewer and Water-Pipes, Fire-Clayi, Fire-Bricks, 
Glass Pots, Teira-Coiia, Roofing Tiles, Flooring Tiles, Ait Tiles. 
etc. By Charles Thomas Davis. Second Edition. 217 Engrav- 
ings, SOI pp. 8vo. *5.oo. 

EDWARDS. — American Marine Engineer, Theoretical and 
Practical : 
With Examples of the latest and most approved American Practice. 
By EtrtORY Edwards. 85 iliuslraliotis. lamo. . . (2.50 

EDWARDS. — Coo Examination Questions and Answers : 
For Engineers and Firemen (Land and Marine} who desire to ob- 
tain a United States Government or State License. Pocliet-book 
form, gilt edge ^1.50 

POSSELT.— Technology of Textile Design: 

Being a Practical Treatise on the Construction and A[:^icalion of 
Weaves for all Textile Fabrics, with minute reference to the latest 
Inventions for Weaving. Containing also an Appendix, showing 
the Analysis and giving the Calculations necessary for the Manufac- 
tuie of the various Textile Fabrics. By E. A. Posselt, Head 
Master Textile Department, Pennsylvania Museum and School of 
Industrial Art, Philadelphia, with over 1000 illustrations. 393 
P^es- 4"> #5.00 

POSSELT.— The Jacquard Machine Analysed and ExpUined : 
With an Appendix on the Pteparntion of Jacquard Cards, and 
Practical Hints to Learners of Jacquard Designing. By E. A. 
PossBLT. With 330 illustrations and numerous diagrams. 127 pp. 
*"■■ ■ #3 00 

RICH. — Artistic Horse- Shoeing ; 
A Practical and Scientific Treatise, giving Improved Methods of 
Shoeii^g, with Speciil Directions for Shaping Shoes to Cure Different 
Diseases of the Foot, and fi.r the Correction of Faulty Action in 
Trotters. By George E. Rich. 62 Illustrations. 153 pages, 

RICHARDSON.— Practical Blackamithing: 

A Collection of Articles Contriliuted at Different Times by Skilled 
Workmen to the columns of "The Blacksmith and Wheelwright " 
and Covering nearly the Whole Range of Blacksmilhing, from the 
Simplest Jol) of Work to some of the Mo?t Complex Foroines. 
CompUed and Edited by M. T. Richardson. 
Vol. I. aio Illustrations. 214 pp. lamo. . . , J1.00 
Vol. II. 330 Itluitndous. 362 pages, tzao, . , |i.os 
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